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MOTION of FLUIDS, 


NaTURAL and ARTIFICIAL 3 
In particular that of the 


AIR and WATER, 


In a familiar Manner, propoſed and proved, 
by evident and concluſive EXPERI MENTS 
with many uſeful REM AR K 8. 


DONE 


With ſuch Plainneſs and Perſpicuity, as 


that they may be underſtood by the U N= 
LEARNED. 


For whoſe Sake there is added, 


A Short. Ex PLANAT ION of ſuch Uncommon 


TERMS, which in Treating on this SusJEecT could. 
not, without Affectation, be avoided. 


With plain DRAUGHTS 


Of ſuch Exyzxr1menTs and Macuines, which, by De- 
8 5 only, might not readily be comprehended. 


a —_ 


—_—__——___— 


» — 


By M. CLARE, AM. 7 


LONDON: f 
Printed for E DWARD SYMox, at the Corner * 


” —— Alley in Cornbill: M,Dcc,xxxv. 


/ 


7 | ; -” '» * FI * 4 a þ * 7 : 
* 1 r * 


*. 0 
— 
4 # 1 erer 449 5 
S637 5 2 11.9014 147 
4 


* 
a 5 
1 1 f 
* * ec Wo, 
- — 1 
s 7 2 1 * 
wW a "HP's 1 7 iy 
* 
- 
x 
= * * * „ 4 
”, # — 5 
of * F 5 # { , . 4 % 7 3 
9 @& + 7 9 & FS ADS * 4 SI 4 7 
/ 2 " - 7 — . 
— 1 - 7 * — , 1 Ap wv - > --- 7 51 „ 2 5 5 1 
Fi — Py 7 5. 11 14 4 2 1 ks > * jj . # 
' * 


. 
- Ms 
[5 5 J © 
' * 14 ih , - S 9 | - . f d 1 * . 5 
* 
i Fiz # -I09 - - - "I , / 4 
* = — — : * * 
Urra ee eee e l 
. * 7 -. - —4 * «<4 {4 . 
% Fd#3 FI 6 #% * 0 1011 41 9 „ / . 
— * © » ” 0 * * * 
1 "2 , ; wry > 7 111 U 
. * 
* 
7 k * - * — - 
4 * 1 5 R * 7 * 1 
* * i] 1174 7240 ; 1 271 41 > 9 & 10 
* . - 
> ” 4 - „ „„ 4 . # 7 * p 
9 3 1 JH $4 6.8 * U HF # Tad 1117141 * } 11 ! ; ö * 
P Cs 
— Su *- — — Ju — — — — . . 2 — - PP . 2 * — — b Cc = 
3 
; # &E 1 
3 4. 9 4H — % bao g 7 as 
* | 
— ꝑ 2 — —— — — — od 6 - — ws —- 2 
ODS. —— — — 
8 * 
$9 ” 4 Fx _ A 
; 4 
© 4 6 * - 
L A A L . * 
f | rn AAH NAS Ot Din 
. * = * pu = 
+0 © - a. a. - vs A1 } ky \ | | F 
4 > 4289 we? aik 9 L » dS *&@ Þ.\ * 


9 


To che Right Wess 


THOMAS THYNNE; 


Lord Viſcount WrerMouTH, Baron of War- 
NMINST ER, Grand Maſter of the AnTizent * 
and HonoukaBLE SOCIETY of Fazs 
and AccrereD MASONS, Ge. Sc. Sc. 


My Lon p, I 48 
[ Beg Leave to addreſs my „ el e to Vou, 


as a Patron and Encourager of Uſeful 
Arts: : Which 9005 not only, by your | 


chear- 


— — 


DEDICATION: 
chearful Acceptance of the GRAN D- 
MASTERS HI * of that moſt Antient 


and Reputable ODER, over which your 


LoRDSHIP was unanimouſly elected to 
preſide : But alſo, by your Enconpging a 
great Number of the beſt and ableſt Artiſts, 
whom You almoſt conſtant! y employ ; 
and by the handſome Manner, in which 
You chuſe to conſider and reward 
them. 


FAR from apprehending my ſelf fit 


to. be ranked i in that Claſs, as an Author, 
I have the reater Reaſon, to make your 


Lordſhip m ; Acknowledgements , for con- 
defcending to accept of This Dedication : 


it . a Compla- 


And your doing it 


cency and Eaſe, natural indeed” to YO U, 


43 3 


is what ah Weight to the Obligation: 
Since hate . the Pleaſure of of- 
fering | 


8 IT) 


' 
_ rm 
* 1 


DEDICATION. 
fering to the Publick : a Treatiſe. under your 
Protection, on a Subject that every Man 


ought, at leaſt in ſome Meaſure; to un- 
derſtand. * 


R299 


As Philoſophers, My LogD, cannot be 
ſuſpected of Flattery, I. ſhall take Leave 
to indulge my Inclinations, in doing a 
ſmall Piece of  {ulltice to your Lordſhip' 8 
Character, by applauding in YOU, 
with a great deal of Truth, that Honour, 
Integrity, and Greatneſs of Mind, for 


which, in the early Part of your Days, 


You are now diſtinguiſhed, both in 
Publick and in Private Late, 


T i A T your LORDSHIP may continue 
long of the Number of thoſe Great and 
Exalted Spirits, as the Family of the 
THYNNE'Y have always been, who 


A 3 ſeem 


— 


ſeem to be born for the Good of Man- 
kind, is, Mx LORD, the moſt _— and 
ardent Wiſh * 


Your LORDSHI P' 
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| Advertiſement. "Mp 


. 8 HE ' following Sheets are the OA 
4 > lance of ſame Lectures, private- 
J ly read to a Set 'of- Gentlemen, 

cho awere ſo indulgent, both to 
the Matter and Fo om, as to encourage th err 
Publication, for. the Uſe and Advantage of 
Thoſe, who: may baue wanted Opportunities, 
of inquiring. into ſuch Natural Cauſes, ar 
are the our oo . & 1 * 


2 „ 8 r * 1 72 * 


Fa Hyonosrariexs;\whereby- "the. N. ature of 
the groſſer Eluids. is explained; their Movements, 
on the Principle of Gravity, aſceriaines.; meſs 
of the Varieties of which Motions, whether 
in Pipes, Pumps, Syphons, Fire-Engines Jet 
d' Eaux, or the chief Water Works in Uſes arr 
both delineated eto the Eye, and demonſtrated to 
the Underſtanding,.. in ſo familiar & Way, that 
tis hoped even the Unlearned may, -without great 

Þ A 4 Diffi- 


© Advertiſement. 


Diele , comprehend them. To which is added 
the conciſe Way, of diſcovering the Relative 
Gravity 7 _— 6y To eg: in Water. 


5 


II. Px : UMATIC x6, wherein the chief Pro- 
Perties of the Air, its Preſſure and Spring, are 
made appear by Experiments and inconteſtable 
"Proofs. Inder "which Head, ſport and clear 
Sbetebes of Muſcular Motion, the Circula- 
tion ef the Blood, the Proceſs of Digeſtion and 
Nutrition, with ſeveral other curious Subjects, 

relating to the Animal Qcconomy, are accaſionally 
introduced. The Meteorology, or the Cauſe and 
Origin of the Winds, Clouds and Storms, gene- 
rated in the Regions of the Air, with the Cauſe 
and Progreſſion of Sounds, thęreby conyeyed to 
the Ear, are alſo propoſed from Reaſon and the 
. beſt Authorities. The Inſtruments alſo, for ob- 
ſerving the Alterations in the State of the Air, 
are herein * and the Art of DG 
fully ane = 


IN. doing. 24A OY» ee Care has 1 
talen, to uſe as few Hard Words | as Poſſible; 
and ſuch Uncommon Terms as could not be well 
avoided, the Gloſſary at the End of the Treatiſe 
E on 9 fully explain. 


4 


T F 


Advertiſement. 


IF theſe Sheets e thought wot to ee 
any new or notable Diſcoveries, in either of the 


been found out, relating to them, will appear to 
be ſo well connected and diſpoſed, that the 
Reader may therein find Matter, at leaſt, of 
Amuſement ; and, by peruſing them, may not on- 
| by become a tolerable Fudge of what may be 
done in this Way, but be made acquainted with 
the Manner of performing it. The Artiſt will 
alſa receive ſome Benefit, from having the Rea- 
ſou and Principles of many Things, he daily 
ſees and does, explained to him, in an eaſy, 
familiar Manner. The young Philoſopher may 
be aſſiſted hereby, in his firſt Searches after 
Truth. Beſides which Advantage, his Mind 
will be better prepared for receiving Lectures in 
Natural and Experimental Philoſophy ; which, 
with proper Encouragement, might caſily be. in- 
troduced into Societies, and mage of fi gular 7 ſe 
and Benefit. to Mankind : Since what is, by 
Experiment, made the Object of our Senſes, is 
generally found to leave deeper Impreſſions on the 
Mind, than Iuſtruction in any other Shape. © 


TH E Advantage, Things of this ſort are al- 
ready of to the World, appears in the frequent 


In- 


Branches propoſed, tis hoped, that what has _ 


Advertiſement. 


Imrovements made in all thoſe Things, which either 
ferve the Intereſts, ſupply the Neceſſities or favour 
tbe Convenzences of Mankind. By Experimetits 
performed with Accuracy and Fudgment, Arts and 
Sciences have been more advanced, within the laſt 
Century, than in ſeveral Ages before. The Hy- 
potheſes, or rather Philoſophical Romances of Anti- 
guity being now.exploded, our Inquiries into Na- 
tural Cauſes, are ne longer biaſs d by conjettural 
Schemes, and the Produttians of warm and preg- 
nant Imaginations; but our Principles are built 
on the. ſureſt and moſt rational Baſis, that of 
Experiment and Fact; which cannot but be ac 
ceptable to thoſe, who admire mee. _ 
delight i in Truth. | 


THAT the Figures i in bis 7 reatiſe are 2 
delineated, as to give Light to, the Explications 
upon them, is owing to the Aſiſtance of Mr. Iſaac 
Ware, Archited, who has ſpar d no. Pains..to 
make them, diſtinft and eaſily. underſtood. Nor 
can 1. omit gratefully acknowledging, that ſeveral 
Valuable Things, which not a little enrich. this 
Treati iſe, are Owing to the. free and friendly 
Converſations, .1T have bern often favourdd 
with, on theſe Subjects, by thoſe two very judi- 
cious and learned G as * Denon, 
mad Dr. Barker. | 
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HYDROSTATICKS, 
4 O R, | 

The Motion of FLuids, 
Natural and Artificial, &c. 
| | WPTATICKS in . — the 
Equipoize of Bodies, and their Diffe- 


rence, in point of Weight; and is, in 
ittelt, a Science only ſpeculative. 


 Hyprosrart1cxs is that part of Staticks, re- 
ſtrain'd to the Weight and Equilibria of Liquid 
Bodies. Under this Head, not only Accounts of 
the Nature and Properties of Fluids in general 
are introduced, and the Laws by which they act; 
but alſo the Art of weighing ſolid Bodies in 
Fluids, in order to diſcover their ſpecifick Gravity. 


H YDROSTATICKS, as Mr. Boyle obſerves, is 
a Branch of Natural * inferiour to none: 
7 | He 


2 De Motion of FLUIDS,- 
He terms it a Science reſulting from Reaſon, and 
affording Diſcoveries no els pleaſing than wonder- 
ful; ſince, neither the moſt abſtruſe, or the moſt 
familiar Appearances of Nature can be well un- 
derſtood or accounted for, without hydroftatical 
Principles. He recommends it as an Art, not 
only delightful in Speculation, but uſeful in 
Practice; of the , higheſt Importance to the Im- 
ptovements in Trade and Navigation; neceſſary 
to ſuch, whoſe Buſineſs it is, to compare the 
Magnitude and Gravities of certain Bodies, as Me- 
tals, Ores, Sc. and with regard to the Raiſing of 
Water, for the Uſes of Life, its Importance is 
beyond Expreſſion. | 
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On FLUIDITY. 


S1R Iſaac Newton's Definition of a Fluid is, 
That it is a Body yielding to any Force im- 
preſs'd ; and which hath its Parts very eaſily 
mov d one among another. 


T muſt here be remark'd, that this 
ion ſuppoſes the Motion ſpo- 


1 

0 
4 2 

* 


Fluid, it is demonſtrated by Dr. Keil, 
that under a total or an equal Preſſure, twould 


be impoſſible the yielding Body ſhould * 
HE 


c 


NATURAL at 3 


„„ 


z E "cxigizal and Seltene Parts of. Fluids 

„ by the Moderns, conceiy'd to be, Particles 
Cnal, — hard, and ſpherical; according to 
which Opinion every Particle is of itſelf ſolich 
or a fix d Body ; and 1 ſingly, is no 
Fluid, but becomes ſo, only by being join'd with 
other Particles, of the fame kind. 


'Tis probable, that: the Particles of Flaids are 
exceeding, {mal}, becanſe their Texture has —_ 
yet been diſcoyer'd by the fineſt Microſcope ; 


Judge them to be — becauſe they are wund 


eaſily to glide one over another; hard and im- 
penetrable, becauſe no Fluid, the Air excepted, is 
capable of Compreſſion ; and to be ſpherical, that 
they may only touch in ſome Points of their: Sur- 
faces, and ſo not only may be the more caſily 
mov'd, but alſo form Interſtices or Vacancies be- 
tween them, which may de en ab 


WERE Fluids not e 66; rimary 
Particles, form'd as above, but made up eren one 
uniform, homogeneous Subſtance, without Con- 
ſiſtence, equally denſe, there would be no Difference 
in their ſpecifick Gravity; and all Fluids would 
be of the fame Weight, Bulk for Bulk, Which is 
* to Experic nee. 


Tur Fluids have N will. appear, up- 
on mixing Salt with Water, a certain Quanti 
whereof. will be diſſolv'd, and thereby imbib' 


without enlarging the Dimenſions. Its becoming 


more — is a Proof, that the ſpeciſick Gra- 
B 2 vity 
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vity is nas; and of Conſequence, thet many 
off its Vacuities are rhereby flrd'; after which it 
may ſtill receive a certain Quantity of other diſ- 
ſol vable Bodice, the Particles whereof are adapted 
to the Vavancies remaining, without adding any 
thing t its Bulk, "tho? oe * por et 25 
thereby certainly cnereas'd. . b 


Txr1s may be e by: zung a top | 


of treſh' Water to the Brim, out of which care- 
fully refund a certain Quantity. To the Reſidue 
of the freſh; add the ſame Quantity of the ſalt 
Water. (notirig firſt the Difference of the abſolute 
Weights of the falt Water and the freſh) and al- 
though . greater Quantity of Matter, always ſig- 
nified by the Weight, be really added, than was 
taken oùt, yet ſhall it not fill the Cup fo high 
as the ere Water =_ oy a notable nn 


1 ND as Fluids hag: Pang or are not 
perfectly denſe, 'tis alſo probable, that they are 
compounded of ſmall Spheres of different Diame- 
ters, whoſe Interſtices may be ſucceſſively fill d 
with apt Materials, for that Purpoſe; and the 
ſmaller theſe are, the greater will the A 8 of 
the Fluid. "= ” be. | 


Ir may, for Inſtance, = both comerricaily, 
and by Infuſion of Liquids, experimentally proy'd, 
that the Interſtices or Vacuities in a Barrel of 
{mall Shot, are in Quantity much leſs, than in a 
Barrel of Bullets; and that conſequently the Shot, 

ouch made of the ſame ſpecifick Matter with 
e Bullets, will. yet haye the greater Gravity or 
hoy 4 Den- 


r cc. mA a . a 
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Denſity. The Vacuities of the Shot may! alſo be 
repleniſh'd with a Quantity of Sea-Sand, and the 
Interſtices of the Grains of the Sand again fill'd 
with Water; and thus may the Weight of the 
Barrel of Shot be greatly augmented;rwithout-en= 
creaſing the Quantity; which being inconteſtable 
with regard ts Solids, is applicable allo to Fluids. 
For Inſtance; River Water will diſſalve a certain 
Quantity of Salt, after which it will:reccive a cer- 
tain Quantity of Sugar, and after that, a certain 
Quantity of Allom, and perhaps other- diſſoluble 
Bodies, and not increaſe its firſt Dimenſions. 

777 N iQ. dib 
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Was all Space, as the Carteſians affirm, abſo- 


utely fall of Matter, this Matter miſt either be 


fluid or fix d. Was it fix d, there cou'd poſſibly 
be no Motion therein; it muſt therefore be fluid: 
But a Fluid without Vacuities will be denſer, con- 
ſequently heavier than all Fluids; and if denſer, 
all Bodies will emerge, and ſwim therein by Hy- 
droſtatical Laws, nor cou d there be ſuch a Thin 
as Gravity. But as Gravity cannot be denied, al 
Space therefore cannot be fill'd, even with a Fluid. 
T ESE Gentlemen have two Evaſions to avoid 
the Reſiſtance of their Vortices, or Whirls of 
Subtle Matter; by the Motion whereof, they en- 
deavour to account for the Phænomena, or Ap- 
pearances in Nature. Their imagin d Materia 
Subtilis they aſſert to be a perfect Fluid, not incum- 
ber d with the leaſt Clammineſs, Coheſion or Tena- 
city, and thereſore capable of no Reſiſtance. To 
this we reply, that the Reſiſtance of the common 
Fluids (as Sir Iſaac Newton's Experiments after- 
| B 3 men- 


6 The Motion of FLUIDS 
mention d, of Bodies falling in different Mediums 
ſhew) ariſes from the Inactivity of Matter only, 
proportion'd always to its Denſity, and not at all 
from the Cobeſion or Tenacity. Take theſe there- 
fore from the Carteſian Fluid, the Inactivity, or 
Vis Inentiæ, by no Means to be ſuſpended or di- 
yerted, will remain in Matter; it cannot there- 
fore be without Reſiſtance. And as Mercury, near 
14 Times denfer than Water, and Water about 850 

Times denſer than Air, are found to make pro- 
portionable Degrees of Reſiſtance, the Fluid juſt 
mention'd, being much denſer than theſe, will no 
doubt, proportionably reſiſt. 


TR EIA ſecond Evan is, that their Fluid 
does not conſiſt of groſs Particles, as others do; 
and ſince, ſay they, the Diminution of the Par- 
ticles of Matter leſſens their Reſiſtance proportio- 
pobly, it follows, that their Fluid, conſiſting of 

arts infinitely ſmall, can have no Reſiſtance at all. 
To this we anſwer ; That tho the Diminution of 
Parts does leſſen the Reſiftance of any ſingle Part, 
yet is the Reſiſtance of the whole not alter'd. 
For if a Body be divided into twenty Parts, which 
combin'd, will make a certain Degree of Reſi- 
ſtance; if theſe be ſubdivided into twenty more, the 
Number of Parts will be doubled, each of which 
will make but a ſortieth Part of the Reſiſtance of 
the whole; but taken collectively, they will have 
the ſame Reſiſtance, and be of the ſame Weight, 
as was the Body undivided, Nor is an Ounce of 


Gold at all the leſs r for being e in- 
to Duft. 


AN o- 
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AxorTRHER Miſtake theſe Gentlemen make, 
is in their Definition of a Fluid, which they take 
to be a Body in continual Motion.  Urging in 
Support thereof, that. all Bodies have a Tendency 
to Conſiſtency; but that Fluids, by the Motion 
of their Parts, are kept ſeparate; and to this 
Motion they attribute, their making leſs Reſi- 

| ſtance, than fix'd Bodies. | 


In Anſwer to which, it may be doubted whe- 
ther all Fluids have a Tendency to be conſiſtent. 
Metals indeed, Wax, Butter, and Bodies of like 
Texture, artiticial Fluids, which are by Fire 
brought into a State .of Fuſion, and are to be 
continued flux d, by a certain Degtee of Heat, have 
a Tendency to be conſiſtent from the particular 
Diſpoſition of their Parts; but there may be na- 
tural Fluids, ſuch as Mercury or Air which have no 
ſuch Property. 


AND as to the Reſiſtance of Fluids being the 
leſs, on account of the continual Motion of their 
Parts, it ought to be conſider'd, that a Body in 
Motion will not. reſiſt leſs, than a Body at Reft, 
For ſuppoſe a Body moving in a Fluid; thoſe 
Parts of the Fluid, which move the fame way 
with the Body, will indeed give leſs Reſi- 
ſtance ; but then, thoſe moying in a contrary Di- 
rection, will reſiſt the more. And to imagine, 
that an equal Number of Parts can keep moving 
conſtantly this way, and an equal Number that, is 
both ridiculous and abſurd. Beſides, ſhou'd it be 
granted, that the Particles of a Fluid may be once 
| | B 4 put 
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put in Motion, yet cannot they continue ſo: For 
tis certain, that if we take two Bodies, both mov- 
ing the ſame Way, with different Celerities, if A 
overtakes and ſtrikes B, by the demonſtrable Laws 
of Nature and of Motion, A, by ſuch a Congrels, 
muſt loſe as much Motion as B acquires ; and 
ſhou'd A meet B, in a contrary Direction, with 
equal Velocity, being alſo equal in Weight, they 
will both ſtop. W hereyer Reſiſtance is, Motion 
is always loſt; there can therefore. be no conti- 
nua Motion in Fluids. | 


Ix is moreover contrary to Obſervation ; for 
Motion of Fluids of equal Denſity, whoſe Parts 
are every where therefore ſubject to equal De- 
grees of Preſſure, is generally owing to ſome 
Agency apply'd, which being -withdrawn, the 
Effect alſo ceaſes ; as, from Water boiling, take 
the Fire, the Motion is no more, And in 
Fermentations, which occafion inteſtine Motions 
in Fluids, there always is ſome Degree of a 
Heat ; but we find that natural Fluids are as cold, 
as any other Bodies of a like Denſity and Dit- 
poſition ; ſo that their Fluidity cannot be owing 
to any continued Motion of their Parts. And 
upon the whole, Fluidity ſeems not ſo much to 
conſiſt in a conſtant and actual Motion of Parts, 
as in a conſtant and actual Mobility, and a Diſpo- 
ſition to be eaſily moy'd. RY 


THE more perſect a Fluid is, the more eaſily 
will it yield to all Impreſſions, and the more ea- 
fily will the Parts coaleſce, being ſeparated. A 
perfect Fluid is that, whoſe Parts are put into Mo- 
| . tion 
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tion by the /eaſt Force imaginable : An imperfe& 
one is that, whoſe Parts yield to a ſmall Force, not 
the leaſt, In Nature, there is no perfect Fluid; 
ſince we ſee, that the mutual Attraction of the 
Parts of all our Fluids, renders them coheſive, in 
ſome Degree, and the more they cling together, 
the leſs perfect their Fluidity is: If, for Inſtance, 
a Glaſs be filld with Water above the Brim, it 
will riſe to a convex Surface, which, was it a — 

ion, 


fe& Fluid, free from either Tenacity or Cohe 

would be impoſſiblle. > 
Mrxrcvky, the moſt perfect Fluid we know, 
is not exempt, from this Attraction; for ſhould 
the Bottom of a flat Glaſs, having a ſmall gentle 
riſing towards the middle, be covered thin with 
Quick-filyer, a-little Motion of the Machine will 
| cauſe the Fluid to ſeparate from the middle, and 
lie round it like a Ring, having Edges of a con- 
ſiderable Thickneſs. 5 { 


Bur it a like Quantity thereof be poured into 
a golden Cup, it will appear higher confiderably 
on the Sides than in the middle, which may pro- 
ceed in part perhaps, from the Gold's being of 
great Denſity, and therefore capable of exerting 
thereon a greater Degree of Attraction than other 
Metals; but more probably from its being very 
denſe, having Pores of an apter Diſpoſition 
and Magnitude, to receive the minute. Mercurial 
Particles, than thoſe of Iron, and ſome other Me- 
tals; and therefore the Attraction of Coheſion in 
this Experiment may obtain alſo. 6 


THAT 
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Tux there is a Difference between the Mag- 
nitude of the Particles of Fluids, will appear from 
this Experiment. Take three open Tubes or Pipes 
of like Diameter; tie pieces of Leather, cut from 
the ſame Part of a Skin, over either of their Ends; 
ſoak them for ſome Time in Water, to fill their 
Pores equally. vg the Skin covering one of the 
Tubes, let there be only common Air; upon the 
ſecond put a ſmali Quantity of Water, and on the 
third a little Quick-ilver; apply theſe one after 
another to the Air-Pump. When the Air is ex- 
hauſted from the firſt, the Particles of the external 
Air ſhall not inſinuate themſelves, nor will the 
Mercury be found to fall in the Gage- Tube of the 
Pump at all. Make the Experiment upon the 
ſecond, the Water will by degrees ouze thro', 
and ſtand on the inſide viſibly in a Drop; but, 
when the Mercury is try d, it will ſoon get all 
thro' the Leather: Whence *tis obvious, that 
the conſtituent Parts of Mercury, are not only 
more weighty, but minuter than thoſe of Water; 
that Particles of Water are leſs than thoſe of 
Air; and that in Proportion to their reſpective 
Denſities. 


O ux Sir Jſaac Newton, was a Prima-ma- 
terialiſt, and held all Matter to be originally 
homogenous; and that, from the different Modi- 
fications and Texture of it only, all Bodies receive 
their various Structure, Compoſit ion and Form. In 
his Definition of a Fluid, he ſeems to imply, that he 
thought Fluids to be compoſed of primary Solids; 
and in the Beginning of his Principia, he voy 
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of Sand and Powders as of imperfect Fluids 
Mr. Loch too, in his Eſſay on Human Underſtand- 
ing, ſpeaking of the Florentine Experiment, is of 
Opinion, that a primary Particle or Spherule of 
Water, is a perfect impenetrable Solid, which 
he aſſerts to be the Reaſon of its Incompreſſibili- 
ty, in that Experiment, which was thus performed. 


Tu Academicks of Florence fill'd a Sphere 
of Gold, (as being the lcaſt porous Subſtance 
known) with common Water ; this being well 
clos'd, they by Hammers, Leavers, and other 
powerful Engines, endeavoured to bring it into 
leſs Compaſs, which would have been effected, could 
it haye becn flatten'd, as may geometrically be 
proved. They forced indeed, the Particles of the 
Water thro' the Metal; but this was all: The 
Globe maintained its ſpherical Form, in ſpight of 
all Efforts; and this being done with great Accu- 
racy, and before ſo many competent Judges, we 
do not hold any Fluid in its natural State, except 
the Air, to be either compreſlable or elaſtic. 
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HYDRO STATIC AL PRINCIPLES 
demonſtrated. 


PEE OWEVER, the Original, the Con- 
itituent Parts of Fluids, may be very 
probably of the ſame Nature, of thoſe 
= which conſtitute other Bodies, and 
eſſentially have the ſame Properties as 
they, in external Forms and Circumſtances, = 
ce 


12 The Motion f FLUID S, 
ſee they often differ; ſince fluid Subſtances fre- 
quently become conſiſtent; as Water is changed 
into Ice; The Sap and Juice taken in by the 
Fibres of the Root, into the woody Parts of 
Trees, Sc. and melted Metals, Sc. afford In- 
ſtances, that fixed Bodies may, in the like manner, 
be made fluid. Yet, in one Circumſtance all ma- 
terial Subſtances certainly agree, vi g. they conſiſt 
of Particles that have Weight, and whatever be 
the Form, Texture or Diſpoſition of their Parts, 
their Gravity is always proportionable to the 
Quantity of Matter they Kecnaliy contain. This 
is an univerſal Property, of which Matter is not 
to be deprived; and if in ſome Fluids, that Gra- 
vity does not immediately appear, to Senſe, tis 
becauſe the lower Parts, by ſuſtaining and buoy- 
ing up the upper, hinder their Deſcent; nor 
will it follow, that becauſe this Gravity is not 
immediately perceptable by us, that therefore the 
Parts of Fluids are without Weight. 


NoTHING is leſs felt perhaps, than the 
Weight of the Air; but yet, if we exhauſt the 
Air from a Veſlel, poiſe it at the Arm of a fine 
BaHance, and let the Air into it again, we ſhall 
find that Air doth gravitate, even in the Air; and 
that the Axiom of the Schools, vag. That. Ele- 
ments do not gravitate in Elements, is abſolutely 
a Miſtake. 


Ix like manner it may be ſhewn, that Water 
5 in Water. Take a Glaſs Bubble, and 


d poiſe it with Shot, till the upper Part ſhall 


ſwim juſt level with the Surface of a Jar of Wa- 
| | | ter 3 
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ter; hook it on a Horſe-Hair, fixed to a Ballance- 
Beam, on which it will then lay no Weight; fill it 
with Water, and a Difference of Weight will appear, 
viz. that between the Weight of the Air extrud- 
ed, and that of the Water admitted, which may 
ſerve to confirm our firſt Principle in HyprosTa® 

ricks; namely, That all Parts of a Fluid, whats 
ever be their Situation, Circumſtance or | Poſts 
tion, gravitate and are heavy. 14416 

AND ſince all Fluids have Weight, there is no 
room to doubt, but that their upper Parts con- 
tinually gravitate and preſs upon the lower; the 
Preſſure whereof is always in direct Proportion to 
the incumbent Matter, or to the Quantity of the Li- 

uor above the Parts propos d: The higher there- 
os a Fluid is, the greater is its Preſſure ; not 
only on the Bottom of the Veſſel, but alſo on the 
Parts of the intermediate Fluid, which is our 
ſecond hydroſtatick Principle, of itſelf ſufficiently 
_ evident. f 


Now all Quantities of a Fluid may be con- 
ſider'd as divided into many other intermediate 
imaginary Surfaces, lying parallel to the upper and 
nether Surface thereof, and to the Horizon : For 
Example; take a long Glaſs full of Water, as 
Fig. 1. Plate 1. which for the fake of Illuſtration, 
may be divided by Threads at equal Diſtances ;; call 
the firſt Diviſion, A. the ſecond, B. the third, C. 
ſo on. Suppoſe each Diviſion contains an Ounce 
of Water, the Surface then at B. will be preſs'd 
by one Ounce, that at C. will ſupport two, that 

| | | 1110 13, a 
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at D. three Ounces, and the Bottom will lie un- 
der the Weight of four Ounces of Water. 


Nov, when ever a Fluid is of the ſame kind, 
and incompreſſa ble, it will be of equal Denſity in 
all its Parts, which will all therefore continue at reſt, 
each being as low as of itſelf it can be; ſince, tis 
certain, that an Impulſe of one Ounce in A. cannot 
of itſelf deſcend and diſplace two in B. nor can 
two in B. overcome three in C. nor thoſe thruſt 
away four in D. bir 


AN p as a Quantity of Water, hydroſtatically 
conſider d, is to be diſtinguiſh'd by imaginary 
Surfaces, parallel to the Horizon, it may be allo 
conceiy'd, divided into imaginary Columns, perpen- 
dicular or vertical to it, in manner reſembling, 
a Bundle of Reeds. Theſe being all of the fame 
Height and Weight, will always preſs equally 
upon every part of each imaginary fluid Surface 
before-mentioned, and cauſe them, no leſs than the 
upper Surface, to lic level with, and parallel to 
the Horizon. And conſequently, if a Body, of the 
ſame ſpecifick Weight with a Fluid, be therein im- 
mers'd, 'twill remain in any part thereof indiffe- 
rently, and keep its Place, where ever tis put. 


To illuſtrate this, let us imagine a Cubick Inch 
of any Matter, of the fame ſpecifick Gravity 
with Water, put, ſay 9 Inches under the Surface, 
the imaginary Surface then beneath it, will be 
rels'd with 9 Inches of Water, and an Inch of a 
ſpecifically of the ſame Weight with War 
ter: But every other part of that ys 

- ſame 
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fame in Depth, ſuſtains the Preſſure of 10 Inches 
of Water; therefore the ſaid Inch of folid Mat- 
ter will there lie at reſt, and neither ſink or 
riſe. | | 


To demonſtrate this by Experiment, we may 
charge a Glaſs Bubble, made of Matrer ſpecifically 
heavier than Water, 'partly with Air and partly 
with Water, that it may become equal in Weight 
to a like Bulk of Water with itſelf ; if that be 
done, twill lie indifferently, either at top, in the 
middle, or at bottom of a Jarr of that Fluid 
where ever it is put. And thus may our third 
hydroftatical Principle, be prov'd ; namely, That in 
homogeneous Fluids, all Parts are naturally in 
a State of Reſt. | 


Ou fourth Principle is, That the lateral 
Preſſure of a Fluid is equal to the perpendicu- 
lar. For as the Preſſure of a Fluid, againſt the 
Bottom of a Veſlel, 1s proportion'd to the Height 
of the Fluid in that Veſſel : So is the Preſſure of 
a Fluid, againſt every Side of a Veſlel, in a like 
Proportion, to the Height of the Fluid, above the 
Part conſider'd. 


LE r a Veſſel be ſuppos'd fill'd with an incom- 
preſſable Fluid, having no Gravity, and this be 
forc'd down with a proper Piſton, the Fluid 
would endeayour to ſpread; but being confin'd by 
the Sides, con'd not. The Bearing, in this Caſe, 
againſt all Parts of the Veſlel, muſt be juſtly equal 
to that wherewith the Piſton is driven : Suppoſe 
then Gravity reſtor'd to the Fluid, and the fore- 


men- 
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mention d Preſſure continu'd, the nether Parts will 
then ſuſtain a greater additional Preſſure than the 


upper therefrom ; and that in Proportion to the 
Height of the Fluid, above the Parts aſſign d. 


Tuts Propoſition may be tolerably well de- 
monſtrated by a Veſſel, having a Hole of a certain 
Bigneſs in the Bottom, and another of the ſame 


Dimenſione, as near the Bottom as may be, fill'd 


with Water, to any Height ; let the Plugs be 
-pull'd out and put in, both at the ſame Time, 
and if, upon Compariſon, equal Quantities of Wa- 
ter nearly ſhall have been yielded by them, 'twill 
ſhew the Force wherewith it iſſued to be equal, 
and ſufficiently confirm our fourth Principle, in 
Hydroſtaticks, viz. That, at all Depths, the la- 
teral Preſſure of a Fluid, is equal to the per- 
pendicular. 3 | | 80 


Tux equal Preſſure of Fluids againſt all the 
Sides of a containing Veſſel, might alſo appear, by 
freely fuſpending a deep Veſſel of Water, by a 
String, hanging a Plumb- line, alſo at Liberty, par 


rallel, near it: Upon making a Hole in the Side, the 


Veſſel, which, before ſuch Opening was made, had 
a perpendicular Direction, will now receed from it; 
the lateral Preſſure of the contained Fluid being, 
on the Side of the Opening, diminiſſ d. 


Tux Riſing of a Rocket in the Air is alſo oc- 


caſion'd by a like Inequality of Preſſure: The 


Gun- powder, being ſet on Fire, turns to a very 


elaſtic Vapour, whoſe Parts endeavour to receed 
from each other equally every way. As the Cale is 


cloſe 
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cloſe ſhut above, and open where the Flame iſ- 
ſues below, it is leſs preſsd a great deal by the 
Air about it, than by the Rapidity of the Flame, 
bearing againſt the Sides and Top of the Rocket 
within ; which Difference of Preſſure, has fome- 
times carry'd a well-made Rocket, of three Quar- 
ters of a Pound, 400 Yards high, with as much 
Thread, veer'd out at the Tail, as determin'd' the 
Quantity of its Riſe. For the lame Reaſon, in thje 
Diſcharge of a Cannon, the Force of the Powder, 
acting againſt the Breech of the heavy Gun, not 
being counterpoiz'd with an adequate Preſſure for- 
wards, ſends out the Ball, with a precipitate Ve- 
locity : And if the Charge of Powder be over 


7 


great, the Piece then commonly recoils, upon the 


b pu - # 


lame. Account. 


In Fluids at Reſt, each imaginary Surface is 
every where equally. preſs d, and whenever it hap- 
pens otherwiſe, the imaginary Surfaces moſt preſs d, 
will give way and retire, and thoſe leſs preſs d will 
be forced upwards and rife. The, finking of a 
Stone in Water, is an Evidence of the one, and 
oe ſwiming of a. Cork, an Inſtance of the o- 
. „ 


Bur to demonſtrate this Matter plainer. Take 
a Tube of Glaſs, an, Inch or more in Diameter; 
tie a pliant Bladder looſely over the End, and put 
it down any Depth in a Jar of Water. So long 
as the imaginary Surface of the Water, at the End of 
the Tube, is leſs preſs d by the Atmoſphere within, 
than it is. elſewhere, by the Atmoſphere, and a 
Column of Water, of equal Length with the im- 
ns. nga ty C | mers d 
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mers'd Part of the Tube, the Bladder yielding 


will be Huſhed upwards, and become convex 
within, Let Water then be poured into the 
Tube, to the fame Height and Level with the 
upper Surface of the Water in the Jar, the ima- 
ginary Surface beforeſaid, being then equally preſs d 
in every Part, the Bladder will appear level; but 
ſhou'd the Fluid in the Tube be raiſed above the 
upper Surface of the Water in the Jar, the ima- 
ginary Surface, beneath the Tube, being there 
harder preſs' d than in any other Part, the Blad- 
der will bag down, and become convex without. 


Orc more; Take à Glaſs Tube, and ſuſpend 
in it coloured Water, that the Effect may be 
more viſible, which may be done, provided the 
Bore be not over-large, by ſtoping the upper 


End with the Finger. The Machine, ſo charged, 
immerſe to any Depth, in a Veſſel of clear Water. 


The nether End of the Tube, will then reach 
to, and reſt on, an imaginary Surface, by which 
*twill be preſs d upward, with a Force juſt equal 
to the Weight of the ſmall Pillar of Water, there- 
by thruſt away and diſplaced ; but every other 
Part of the Surface will be preſſed by collateral 
fluid Columns, all of equal Weight and Altitude. 
If then the Pipe be unſtop'd the Air, which on 
Immerſion repreſs d and kept the Water out, will 
be expell'd; and the Water, being the weightier 
Fluid, will puſh into, and riſe in the Tube, till 
it is of a juſt Level with the reſt of the Water in 
the Veſſel. Again, if this Water be therein re- 
tained (ſtoping it as before) on bringing the lower 
Orifice of the Pipe, near the upper Surface of the 
A Water 


[ 
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Water in the Jar, the Fluid will, when the Tube 
is unſtop'd; immediately : ſubſide, and become of 
the fame Level with the Water in the Veſlel, 
which will prove fifthly; That if any Part of a 
Fluid be more preſſed than another, the heavier will 
ſink, till the Haunpoiſe be reſtored. As the former 
Experiment evinced ; That the lighteſt Parts 
of a Fluid, of thoſe leſs $194 will riſe, till 
an Equilibrium is obtained, if nothing obſtruct. 


Ir may at the fame time, be farther demon- 
ſtrated, - that the lateral Preſſure of Fluids; and 
the perpendicular, both upwards and downwards, 
are alſo in a direct Proportion to their Heights, 
by Tubes bent to favour that Intention; as 
in Fig. 2. Plate i. A, B, C, D; and the Effect 
produced will, on Experiment, be the ſame in 
all, proceeding from a like Cauſe, vis. the equal 

Gravitation of homogeneous Fluids, which exerts 
itſelf every way, and every way equally. 


Turs may be farther demonſtrated, by co- 
vering with a wet Leather, a ſmooth Weight of 
d, of any regular Thickneſs, as B, Hg. 3. 
Plate 1. made to fit the Mouth of a large Tube 
as A, to which, at its firſt Immerſion, let it be 
kept ſo cloſe, as to admit no Water, by a String. 
y the. time it is about twelve times its own 
Depth under Water, it may be let go, and the 
Puſh of the Water upwards, will ſupport it. If 
it be put lower, it will adhere more ſtrongly, 
and if ſhallower, it will, for want of a due Coun- 


terpoiſe, fall away. | 
298 1 And 
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Aub as Bodies, heavier than Fluids, — be 
thus made to ſwim; ſo may Bodies li ghter than 
Fluids be retained at any Depth in V 
vided they cannot inſinuate, and get beneath, to 
force them up. For Inſtance; a round Trencher, 
will remain at Bottom of a Pail of W ater, equal 
to itſelf in Diameter, if it be ſo fitted, as that 
without ſticking, no Water can get under it. And 
a flat Glaſs, with only a Drop of Oil or other 
Liquor between, will remain at the Bottom 
of a Jar of Mercury, if the Bottom be flat alſo; 
tho' the Glaſs be ' ſix Times lighter than that 
Fluid, Bulk for Bulk. The Oil, Sc. put be. 
tween the Glaſs-planes, is only intended to fill 
— larities and Vacuities; for which, were they 
act Planes, there would de no o Occaſion. | 


0 N E general Conſequence Rol our principles 
thus proved is; That Husd- will always riſe 
to their own Level, or endeavour ſo to do. This 
is what the Ancients were ignorant of, and there- 
fore they uſtially built Aquaeducts (vaſt Rows 
of Arches, one above W between two 
Hills, at a vaſt Expence of Money, Time and 
Labour) in order to convey Water over them, 
croſs the Valley, in a common Channel. This is 
now done to 95 2 Advantage, and at much leſs 


Expen a Range of Fi laid down « one 
Hill, 1 and up the other. * | 


A x Inſtance Wrede may be given, Wy dent 
Tube, a Crane or Sy phon; into one of the Legs 
| whereof, 
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whereof, it Water be poured, it will rile to the 
ſame Level exactly in the other. The Reaſon 
is obvious: In the Leg A, Fig. 4. Plate 1. 
there are, ſuppoſe two Ounces of Water, en- 


deayouring by the Power of Gravity, to deſcend 

— with the * 5 2. Theſe 1 thruſt forward, 
buoy up, and ſupport an equal Quantity of a 
like Matter in B 5 aud the ü of th Ma- 
chine C, againſt which both Sides equally bear, 
will of conſequence ſuſtain a double Preſſure, or 
that of four Ounces; well repreſenting the Prop 
or fix d Point of a Ballance- Beam, as the equal 
fluid Columns, AC, and BG, will eaſily denote 
equal Weights, ſuſpended on the Ballance-Arms, 
counterpoiſing each other: So that the Riſe of 
Fluids to their firſt Level, is a Caſe truly Sta- 
tical, and their other Moyements proceed only 
from Weight added. 


TH xt Preſſure of Fluids, is in Proportion to 
their perpendicular Heighths only, and not ac- 
cdrding to their Jpamity. For Inſtance; there 
lies no greater a Preſſure againſt the Dykes, that 
fence out the Sea in Holland, or againſt the Banks 
of the Thames, or the Danube, than there would 
againſt the Sides uf any Veſſel, fill d to an equal 
Depth, with the Waters juſt mentioned. 


To demonſtrate this; Take a glaſs Veſſel A, 
of the ſame Bigneſs, or cylendrical from Top to 
Bottom, Fig. 5. Plate 1. Toward the lower Part 
- whereof, let a glaſs Pipe be fix d, which by help 
of the Joynt F, will be capable of any Degree of 
— , Ele- 
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Elevation. Suppoſing the Diameter of the Tube, 
but the hundreth Part of the Diameter of the 
Jar (the Capacities of Circles, being in Propor- 
tion to each other, as the Squares of their Diame- 
ters) the Fluid, in the Pipe, will be but a ten 
thouſandth Part the Quantity of that in the Jar, 
where with jt communicates; and yet, if the Jar 
be filled to any Height, the Altitude of the 
Water in the Pipe, whether ere& or inclined, 
rpendicularly taken, will be exactly in the fame 
eyel, with that in the Jar, and always lie in 
the Line CD. Whence *tis evident, that a ſmall 
Quantity of a Fluid, provided it be equal in 
Height, is able, in certain Circumſtances, to coun- 
ter-ballance any Quantity of the ſame Fluid; and 


— . 
* 


the Reaſon is this. 


TAE Bore of the Pipe of Communication is of 
a certain Bigneſs, we will ſuppoſe, the eighth of 
an Inch in Diameter: By the Structure of the 
Machine, there can, at the ſame Time, preſs no 
more of the Jar-Water againſt the Orifice there- 
of, than one Pillar, equal in Height and Dimen- 
ſions to the Pipe; And it was before demonſtrated, 
that ſuch a Pillar will drive forward, and, in the 
ſame Level, ſuſtain a Pillar of Water, equal in 
Weight and Size to itſelf; which is the Caſe be- 
fore qs exactly, and did the Tube communicate 
— * main Ocean, the Effect would be ſtill 

C c. | | ; 


JHOULD we however, fill a hundred Inches 
of our Pipe with Water, and by a Cock, or o- 
% 7: 
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ther Contrivance, admit it fingly into the Jar, 
*twill raiſe the Fluid therein, only one tenth of 
an Inch, and this ten times repeated, will raiſe it 
otily an Inch. But, on the contrary, ſhould 
we by thruſting a Piſton or a tight Cork into the 
Jar, depreſs the Body of the Fluid therein cone 
tained, but the hundreth Part of an Inch, the Wa- 
ter would thereby be forced into the communica»! 
ting Tube to the Height of ten Inches ; and by a 
ſtill greater Preſſure, ſhould it be ſunk in the Jar 
a tenth of an Inch, twould riſe a hundred Inches 
in the Tube. Whence it appears, that this is alſo 
a Caſe nicely Statical, reſembling the Effect pro- 
duced by the Steelyards; on which Machine, if 
one Pound be hung, at the Diſtance. of a hundred 
Inches from the Fulcrum or Prop, it will counter= 
ballance, and to a Level raiſe a hundred. Pounds, 
at the Diſtance of but one Inch; and the con- 
trary, For to make the larger Weight, by Riſe or 
Fall, to move an Inch, the other | muſt traverſe 
the ſpace of a hundred Inches ; The Velocities of 
the Weights being always reciprocally propor- 
tional, to the Quantities of Matter, in them ſeve- 
rally contained, 1 
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The HyPROSTATICAL PAKADON. 


— 0 71 DU E Conſideration, of the laſt men- 
2 * Fs tioned Caſe, gave Birth to the Hy- 
1 x AT droſtatical Paradox, whereby tis 


RE allerted ; hat all Fluids, efſing 
— according to their 1 A. 


444 — * 
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tudes, aud not according to the Bulk or 


tity of their Matter, the Preſſure 0 of Frog po 
s of the con- 


Fluid, a Fa, the Bottom and Gi 
_ eſſel, will always be proportionable to 
igt thereof, of whatever Form it be. 
15 —— which take a Cylender, of a r 
Baſe, that will hold perhaps a Pint, as A, Fig. 6. 


Plate 1. This Veſfel being fl'd, the Bottom 


Will be allow'd to- ſuſtain the Whole Weight of 
the Fluid therein contained; Gravity acting in 


a right Line, and perpendicularly. Again, take 
another Veſſel, of equal Height a Baſe, partly 
cylendrical, and partly flanch'd out, into a Portion 
of an inverted Cone, as B. This Veſſel ſuppoſe, 
will hold a Quart. 'Then take a third Veſlel, of 
equal Baſe, but cylendrieakthereon, only half way : 
To make it however, & equal Height with the 
other two, let a ſmall- Pipe be fodder'd into the 
Lid, let this Veſſel contain in che whole, but half a 
pint, as C. If theſe beé leverally fill'd, with 
a Fluid of the fame kind, we ſay; that the Bot- 
tom and Sides of each of theſe. ſhall be preſſed 

thereby 


I 
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thereby alike ; and beginning with the Second, 
we prove it thus. 3 0.910; 175 283 x boli 


As all homogeneous Fluids, or thoſe of equal 
Denſity, are proved by our third Principle, to be 
naturally every where at Reſt, was the Tin-work 
of the cylendrical Part, of our Veſſel B, continued 
thro' the conical Part thereof, to the Top, accord 
ing to the prick'd Lines in the Draught; the 
Fluid thereby incloſed, would be juſt in the ſame 
Circumſtances of that in the Veſſel A, and then” 
the Side-Water contained in the conical Part, 
would bear againſt our Cylender, ſuppoſed con 
tinued to the Top, as if the Water therein was 
frozen, on the one Hand, and the Sides of out 
conical Part on the other, according to the 
Height of the Fluid, between them - contained. 
Imagine then, the Continuation of our Cylender 
removed, or the Water frozen therein to thaw 
The Preſſure of the Side-Water would then lye 
againſt the fluid Cylender itſelf, which being, in all 
Parts, of equal Weight and Moment with itſelf, 
will be thereby ſuſtained, quiet and motionleſs, 
in its proper Place. And 'twill be ſupported, on 
the other Side, in like manner, by the ſloping: 
Sides of the Veſſel, which being rigid, will eaſily 
ſuſtain the Quantity of the Preſſure made per. 
pendicular thereon 5; nor would the Weight on 
the Bottom, or. againſt the fd eylendric Sides 
of this Veſſel, be at all encreaſed, by the Altera- 
tion propoſed. 


35 Ir muſt however, be admitted, that as there 
is double the Quantity of Matter, by Sappoſition, 
| con- 


ported by the upright Sides of the cylendric Part 
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contained in a Veſſel of this Form, as was in the 
Veſſel A, the abſolute Weight of the whole toge- 
ther, will be proportionable thereto. But then again, 
it muſt be conſidered, that this Increaſe of Weight 
and . Preſſure, affect only the ſhelving Sides of 
the Veſſel B, and as theſe, by their Diſpoſition, 
became an inclined Plane, they are doubtleſs 
made to bear the Difference of Weight propoſed, 
which muſt be thereby communicated to, and ſup- 


of B, whereon they reſt : But on the Area of the 
internal Baſe pf B, and againſt the Sides of the 
Cylender within, no- more Weight is laid, than 


barely that of the Height of the Fluid aboye 


them, 


Lr us next conſider, how a like Preſſure 
can be made. on the Bottom and Sides of the 
Veſſel C, containing but half of the Fluid in 
A, and but a quarter of that in B. Suppoſing 
the Parts of a Fluid globular, the Particles of the 


Water will be well repreſented by the Draught 
Fig. 7. Plate 1. wherein 'tis certain, that the 


central Column AB preſſes, according to our 
fourth Principle, not only perpendicularly, up- 
wards and downwards, but laterally alſo, and in 


every Direction alike ; and conſequently the Rows 


of Particles, lying next the Bottom of the Veſ- 


ſl, muſt be all impell'd thereby equally, to- 


ward the Sides. 


To prevent Confuſion, let us diſtinctly con- 


ſider the Effect of this Preſſure on one ſingle Rank 
of theſe Particles, which may be abi in 
Q 
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like manner, to the reſt. The lower Particles 
then of the Column AB, gravitate on thoſe 
adjacent, and thruſt them ſay from B towards 


C. At C, finding themſelves confin'd, their 


Effort will not there ceaſe ; but be transferred, 
and made to preſs upward, toward D, againſt 
which Part of the Lid, A Puſh will- be m ade, 


juſt equal to the Difference of the Preſſure of the 


two Columns conſider d, viz. AB, and CD, the 


firſt of which gravitates with the Force of 2, 


being ſuppoſed, twice, the Height of CD, there- 
fore, preſſing but with the Weight of 1. The 
Impulſes, being yet unequal, will not ſtop here, 
but the Particles will be thereby laterally puſhed 
from D towards E, where meeting with others 
in the ſame Level, of equal Force and Mo- 
ment with themſelves, will there equipoiſed, re- 
main at Reſt, TY 1 f INS 


Tux Gravity then of the Particles, contained 
in the central fluid Column AB, acting againſt 
the Lid of the Cylender, in every Part, and the 
Lid reacting, in like manner, againſt the whole 
Body of the Fluid below, as great a Preſſure is 
thereon laid, as if the Cylender had been con- 


flld. 


Ox pouring Water into one Leg of the Syphon, 
it will riſe, we know, to the fame Level in 


the other, This may be apply'd here, by ſup- 
eck, 


poſing a Pipe, as high as the fix'd in ſome 
Part of the Lid of our Cylender, as at D. On 
ypening the Plate, as much of the Fluid will be 

: | preſſed 


tinued to the Top of the Pipe, and thereby 


| 
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preſſed up immediately therein, as will bring it to 
a al Level with that remaining in the Neck, 
which being again repleniſhed, the other will 
alle be filled. Whence twill be evident, that 
before the ſaid Opening was made, the Preſſure 
beneath the Cover 05 the C ylender, in that 
rticular Place, was equal to hos general * 
e, by the middle Column laid, on eve 
of the Surface of the Fluid, in 5 ſame 25 
or in the Level of the "+" There is there- 
fore Reaſon to believe, that was the Lid ſet 
intirely full of ſuch Pipes, the Fluid, in the 
Neck of the Machine, would deſcend © in like 
manner, and fill each of them equally, to a 
certain Degree; which in Effect, would be raiſing 
the Lid : And ſhould the Neck be ſeveral times 
thus ſucceſſively repleniſhed, it would by Degrees 
fill them all; which is the ſame Thing as com- 
plenting the Cylender and hlling A 
- A ſingle pint of Water may then be f6 4if 
d, as to be of equal Force and Preſſure with 
Gallons; and this the ag N 
ment will put paſt al Doubt. | 


Tur ſmall Quantity of Water in the Tube 
Fig. 5. Plate 1. is, we know, in that Situa- 
tion, a Counterpoiſe to ten thouſand times 
the ſame Quantity in the Jar. This may alſo 
be apply'd to the folving our Hydroſtatica 
Paradox, Let us ſtop up the Mouth of the Jar 
with a tight Cork, having a Glaſs Pipe thruſt 
therein as E; by which, with a Füsnel, let 
the Jar be 1 filled: As the Fluid 12 
1 
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riſes in A, 'twill advance proportionably in B, 
and preſerve a juſt Level in both. That done, 
proceed to repleniſh the Tube E alſo, and the 
Water, continuing to riſe alſo equally in B, will 
demonſtrate, that it is ftill impelled by the ſame, 
or an equal Force, and conſequently that the 
Preſſure on the Bottom, and againſt the Sides of the 
Jar, is the fame, as if it were lengthened out 
to E, and filled. And the Experiment ſucceed» 
ing on a Veſlel of this Shape, leaves no Doubt 
but 'twill always do ſo; fince this Figure ſeems: 
to be the leaſt advantageous to it, that can be 
contrived. oY. | 


Ax Experiment, to the like Purpoſe, might 
alſo be made, by perforating the Bottom of two 
Veſſels, a Cone ſuppoſe and a Cylender, both 
equal in Baſe and Height, with Holes equal in 
Diameter. Let them be kept conſtantly filled. 
Unſtop and ſtop them both at the ſame Inſtant, 
and they will be found, both to have diſcharged 
equal Quantities of Water, in the ſame Time : 
And if the Efflux of ſo even a Fluid as Water, 
from theſe Veſſels, be found equal, the impellent 
Force, by which it is puſhed forth, may with 
good Reaſon, be preſumed equal alſo.” 8 


HERE indeed it may be objected, that it 
being mathematically demonſtrable, that a Cy- 
lender of equal Baſe, and of the ſame perpendicular 
Altitude with a Cone, is in Capacity or Content 
thereto, as 3 to 1; and ſhould ſuch a Cone, 
containing no more than two Pounds of Wa- 

ter 
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ter, have its Bottom and Sides .as much preſſed 
thereby, as will thoſe of the Cylender, by 6 
Pounds of that Fluid, it ſhould ſeem; that if 
the Weight of the containing Veſſels was equal; 
their abſolute Weights when full, ought to be 
equal alſo, | 8 
To this we reply; that the abſolute Weight 
of Bodies, is not affected by their interior Biß 
poſition or Circumſtance: For though the Preſſure 
on the Bottom and againſt the Sides of the ta- 
pering Veſſel, be three times as great, as is the 
Weight of the Water therein contained, yet does 
it not follow, that it ſhould be three times 
as heavy. For a Whalebone, a Spring, or any 
other elaſtic Body much bent, and forced into 
ſuch a Veſſel, will not in the leaſt augment its 
abſolute Weight, by bearing againſt the Sides, 
with any Force whatever. 14, 


In like manner it may be underſtood, that 
the Water included, in a conical Veſſel, may 
preſs the Bottom and Sides, without increaſing 
the poſitive Weight of the whole. For ſup- 
poſing the Water in the conical Veſſel A BC, 
Fig. 7. Plate 2, divided into ſeveral Fruſtums 
of a Cone, E, F, G, parallel to the Baſe. From 
what has been faid, tis plain, that the Bottom 
BC, will be as much preſs'd by the Water in 
G, with that in F, aſſiſted by the Reaction of 
the inclined Sides AB and AC, as if it had been 
continued cylendrical to HI; and the fame hold- 


ing good, with regard to the reſt, it follows, that 


againſt the Bottom and Sides of the Veſſel, as great 
A 


— 
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a Preſſure will be made, when full of a Fluid, as 
if it had been a compleat Cylender and fill'd to 


KL. 


Ir may, perhaps, alſo be objected, that if a 
Veſſel, having a Pipe inſerted in the Lid, and filled 
with Liquor, ſuffers the Preſſure ſpoken of, that a 
Pipe of the ſmalleſt Diameter, a capillary Tube, 
or one no bigger than a Hair, ought to produce 
the ſame Effect, which is contrary to Experience. 


To this we anſwer; that the Preſſure, in the 
Caſe thus propoſed, is indeed not the ſame, and 
the Reaſon is, becauſe all our Liquors are im- 
perfect Fluids ; they have all ſome Tenacity, At- 
traction, and Coheſion in their Parts, of which 
they cannot be diveſted, and which prevail very 
much, where the Tube is ſmall, that is, where 
moſt of the Parts of the liquid Column rais'd, 
come into Contact with, or touch it; ſuch Tubes 
therefore ſuſpend and even raiſe Water: Whereas 
in thoſe of a larger Diameter, and ſuch wherein the 
Weight of the fluid Body, oyer-powers the 
Attraction of the Coheſion, this will be ſcarcely 
ſenſible ; and there the beforeſaid Experiment 
will have its full Effect, as twould doubtleſs 
allo have, even in the Caſe of the capillary 
Tube, if Water were a perfect Fluid, and there 
was no Attraction from the Tube. 


2 
* 


On 
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On.the ATTRACTION /of COHESION, 


5 F the Bore of a Pipe be even an 
Eighth of an Inch in Diameter, the 
1 1 Attraction ſpoken of, will be very 
oapparent: For immerſing the End 
in ſome Fluid, on taking it out a- 
dais, a great Part indeed will quit the Tube, but 
ſome will {till remain, and hang therein. And if 
we take ſeveral ſmall glaſs Tubes, different in 
Size, and immerſe them together in Le 
thoſe of the ſmalleſt Bore will attra& the Fluid 
moſt, and twill be found therefore, always to 
ſtand the higheſt in them. 


| Tx E ſame Cauſe, which inclines Fluids to 
riſe in {mall Tubes, above the Level of the 
reſt, (which they very notably do) makes them aſ- 
cend allo in the Filaments or Threads of Cloth, 
in the Way of Filtration, which ſooner takes 
Effect, if the Pores of the Cloth be firſt filled with 
Liquor. The Cells of Bread, Sugar, and other 
porous Subſtances, for a like Reaſon, imbibe Fluids 
plentifully ; in which they riſe, againſt the Di- 
rection of Gravity, for the Reaſon juſt aſſigned. 


TH1s Attraction will be very notable, in 
an Experiment upon à Crane or Syphon of a 
mall Bore. If one of the Legs of this Machine, 

be 
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be immers'd in a Jar of Water, the Fluid, as 
in ſmall Tubes, will riſe therein, and ſenſibly 
ſtand ſomething above the common Level of 
the reſt; and if the Jar be filled quite to the 
Brim, the Difference ſpoken of, will take Poſt in 
the Bend of the Syphon; which when it ſhall 
have paſt ever ſo little, and if the Tube be firft 
wetted, this will ſoon happen, Gravity will thea 
lay hold, and puſhing out the Air before it, 
bring it away; after which, the Water will con- 
tinue to riſe, thro' the Bore of the Machine, 
like a continued Thread, till it ſhall have em 
tied the Veſſel, to the Depth of the immers'd 
Leg; the Reaſon whereof comes next to be 
inquired into. But previous to this, the ſpe- 
cificx Gravity of Fluids, ought a little to be 
conſider' d. 


an cqual Bulk of a heavier Fluid will 
fink in a lighter, with a Force pro- 
portionable to the Difference of their 
AG Weights; ſo will a lighter counter- 
ballance, repreſs, and even raiſe a 
heavier, provided a proportionable Quantity 
thereof, equal or ſuperior to it in Weight, be to 
tlat Purpoſe apply d. 


D | FOR 
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For Inſtance ; Water is heavier than Oyl, 
in the Proportion of about 11 to 10. That is 
to fay, eleven Inches of Oyl, equipoiſe ten of 
Water; Water therefore will fink in Oyl, and, 
on the contrary, Oyl in Water will ſwim. Now 
as ten Inches of Water, are in Equilibrio with 
eleven Inches of Oyl, if a Tube, with Water in 
it, be put level with the upper Surface of a 
Jar of Oyl, about a Tenth of it will drop out 
and fink, the reſt will be buoyed up, and remain 
juſt ſupported therein. And ſhould the like Ex- 
periment be made on Water, having Oyl in the 
Tube, the Oyl will be buoy'd and weighed up, 
above the Surface of the Water, about a tenth 
Part, 


MERCURY again, is near fourteen times 
heavier than Water, yet when we ſuſpend a little 
of it in a {mall Tube (as by ſtoping out the 
Air's Preſſure at Top, may with Care be done) 
and putting it about fourteen times it's - own 
Depth in Water, *twill not drop out of the Tube, 
when unſtop'd above; but if it be put deeper, 
will be raiſed therein, and, if brought ſhallower 
will drop out, according as the imaginary Sur- 
face of the Fluid beneath the Tube, ſhall be 
more or leſs preſſed by the Weight of Mercury, 
than the other Parts of it are, by the collateral 
Pillars of the Fluid, wherewith it is, in theſe Ex- 
periments, compared, 


On 
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. 7 — F a ſmall Syphon, whoſe Legs are 
of equal Length, be filled with 
Water, and turned downward, the 
Fluid will not run off, but remain ſuſ- 
pended therein, ſo long as it is held 
exactly level: But when an Inclination to either 
Leg is given, whereby one, in Effect, becomes 
ſnorter than the other, the Water will ſhoot out 
by the longer Leg forthwith, 


THE Air is a Fluid, whoſe Denſity, near the 
Surface of the Earth, is experimentally found to 
be, to that of Water, at a Medium, as 1 to 850; 
ſo that 850 Gallons of Air, near the Earth, 
weigh as much as a Gallon of Water. This, ac- 
cording to the Nature of all other fluid Bodies, 
preſſes the Surface of all Things expoſed to it, 
every way equally. When therefore the Legs of 
the Syphon, of equal Length, are turned down, 
(the Weight of the Atmoſphere above, being 
kept off, by the Machine) the under Air, bearing 
azainſt the Water, endeayouring to fall out of 
either of them, with equal Force, Keeps it in 
Suſpence, and prevents its Motion. But when 
by inclining it to either Side, we, in Effect, ſhort- 
en one cf its Legs, and prolong the other, an 


Advantage is thereby given to the weightier 
D 2 Fluid, 
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Fluid, to preponderate or over- weigh; then indeed 
the Water begins to deſcend, and by its Continu- 
ity, brings away the whole, juſt as pulling by one 
End of a Thread, will make the whole Clue follow. 


AN p to obſerve how ſmall an Inclination will 
ſerve this Purpoſe ; one need only take a Couple 
of Jars, full of Water, and hang a ſmall Syphon, 
whole Legs are of equal Length, upon the Edge 
of one, the external Leg whereof will, from the 
ſloping of the Jar, naturally incline a little, and the 
Syphon will toon begin to act, by the Attraction 
of Coheſion before-mentioned : Then taking it 
on the Edge of the other Jar, the like will im- 
mediately happen; and thus reciprocally, may 
the Effect be produced, as oſten, and as ſuddenly 


as you pleaſe. 


Axp hence the Reaſon, why in Practice, tlie 
Legs of the Syphon, are uſually made of un- 
equal Lengths; and why the ſhorter Leg is put 
into the Liquor, and the Fluid decanted by the 
other, will in Part appear. 


Ts evident, from what has been ſaid, that 
the two Legs of the Syphon, Fig. 8. Plate 1. 
being of equal Length, in the Plane AB, are 
there equally repreſſed by the Atmoſphere; and 
was the Crane filled with Liquor only thither, 
and held level, no Motion of the Fluid would 
follow, 'till an Advantage, by inclining it, 
ſhould be given as beforeſaid. Inſtead whereof, in 
theſe Machines, there is commonly added a 
Length of Pipe, ſome Inches 1 as 

| „ rom 
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from B to C, in the Figure, which previous 
to the Operation, is ordinarily filled, as well as 
the reſt, with a groſs Fluid, many Degrees hea- 
vier than a like Quantity of Air, wherewith it 
is then compared, by the Gravity whereof, the 
oppoſite Side becomes greatly over-ballanced ; 
and therefore Liquors are, by this Machine, 
uſually decanted, with a good deal of Smartneſs. 


Bur as the Airs Preſſure is a Thing, in this 
Treatiſe as yet not fully proved, it may not be 
amiſs, in this Place, to make an Experiment, which 
may ſhow the Action thereof, ou the Surface of the 
Fluid raiſcd, by lubitituting à viſible Subſtance, 
or Oil of Turpcnrine, in it's Room. W herein 
KL, Fig. 3. Plate 3. i 4 large giaft Jar, capa 
ble of receiving the 0 .⁰ e Apparatt i, VIS. 
AB, which is a ſmaller Jar of tinged Water, 
heavier than Oil, and GH, an empty Jar, into 
which the red Liquor, between A and C may 
be decanted, by means of a Syphon, whole Legs 
are unequal, as aboveſaid, for Uſe; in the Bend 
whereof is an open Tube fix d, as EF. The ting'd 
Water will naturally rite, by its own Weight, 
from C to J. Then let Oil of Turpentine be gently 
poured into KL, after GH is therewith filled, the 
tinged Water will at length be raiſed, to the 
Bend at E, by the Preſſure of the Oil, ftill 
one Tenth above it, ſuppoſe in the Level of 
NM. The Air, at firſt contained in the Syphon, 
will be gradually protruded, from either Leg, thro' 
the Tube at F. The Water then being a Fluid, 
ſpecifically heavier than the Oil, with which 
it then meets, will ſink down the Tube ED, and 
in Time, decant the ting'd Liquor, between A 


D 3 and 
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and C, into & H, occupying the Space D I. 
And thus will the Principle, on which the 8y- 
phon acts, be confirmed, by the Action of two 
viſible Fluids, of different Weights, upon each 
other. 


On the SYrHoN diſeniſed. 


EFORE we proceed farther on 
2 this Subject, let us attend to ſome 
0 8 of the Varieties in which the Sy- 
tx 5 phon may appear. It may for Ex- 
| us ample, be diſguiſed in a Cup, from 
which no Liquor will flow, till the Fluid 
is raiſed therein to a certain Height; but when 
the Flax is once begun, 'twill continue, till the 
Veſſel is emptied. For Inſtance, Fig. 9. Plate 1. 
is a Cup, in the Center whereof is fixed a 
glaſs Pipe A, continued thro' the Bottom at B, 
over which is put another glaſs Tube, made Air- 
tight at Top, by means of the Cork at C; but 
left ſo open at Foot, by Holes made at D, that 
the Water may freely riſe between the Tubes, 
as the Cup is filled. Till the Fluid in the Cup, 
ſhall have gained the Top of the inmoſt Pipe at 
A, no Movement will appear: The Air how- 
ever, from between the two Pipes, being in the 
mean Time extruded by the Riſe of the denſer 
Fluid, and paſſing down the inner Tube, wall 
get away at Bottom, and the Water, as ſoon 5 
| the 
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the Top of the incloſed Tube ſhall be thereby 


covered, will very ſoon follow, and continue to 
riſe in this Machine, as in the Syphon, till the 
whole is run off, 


| Ta1s is called by ſome, a Tantalus' Cup; and 
to humour the Thought, a hollow Figure is 
ſometimes put over the inner Tube, of ſuch 
Length, that when the Fluid is got nearly up 
to the Lips of the Man, the Syphon may begin 
to act and empty the Cup. 


THr1s is, in Effect, no other, than if the two 
Legs of the Syphon were both withia the Veſlel, 
Plate 1. Fig. 10. in which the Water poured 
in will riſe in the ſhorter Leg of the Machine, 
by its natural Preſſure upwards, as high as its 
own Level, and when it ſhall have gained the 
Bend of the Syphon, it will come away, by the 
longer Leg, as already deſcribed. An Apple, 
an Orange, or any other Solid, may be put 
into the Veſſel to raiſe the Water, when 'tis 
near the Bend, to ſet it o' running, by way of 
Amuſement. | 


THERE are other artful Ways of diverſifying 
and concealing the Syphon, to make its Effects 
appear the more amuſing ; but as they all depend 
on the ſame Principle, 'twill be ſufficient only to de- 
{cribe one of the beſt. Let the Handle of the 
Cup Fig. 11. Plate 1. be hollow. Let the 
Tube CD, ſcrew'd therein, communicate freely 
with the Water, poured into the Cup, that it 
may riſe equally in both. Being once above 


the Level ED, 'twill overflow, and deſcending 
D 4 thro' 
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thro' the Cavity D B, will empty the Cup of 
its Liquor. 


* 
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On NATURAL SYPHONS. 


OME uncommon Phenowema in 
Nature, may be accounted for, upon 
N the fame Principle. There is a Pond 
near - Graveſend, which ſeems to be 
at a Stand, for the ſix Hours, the 
Tide is coming into the Thames, and to flow, du- 
ring the whole Tide of Ebb, This is occaſioned 
probably, by ſome ſubterraneous Reſeryoir near 
it, ordinary filled, by the Tide of Flood perhaps, 
to a certain Height. Between this hidden Reſer- 
voir and the Pond ſpoken of, there may, thro' 
the accidental Diſpoſition of the Parts of Matter, 
within the Earth, in that Place happen to be a 
natural Syphon, which when the Water is raiſed 
to a certain Height, in the Reſervoir, may begin 
to act, and being of a proper Size for that Purpoſe, 
may continue to do, during the Tide of Ebb, 
cauſing the Pond to overflow, by the Diſcharge 


it ſucceſſively makes, during the Tide of 
Flood. 


THERE is alſo a Spring in Derbyſhire, called 
Wedaing-Well, or Tydes-Well, of which Mr. Cot- 
ton, in his Deſcription of The Wonders of the 
Peak, giyes the following Account, 


North 
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00 Orth Eaſt from hence, three Peakiſb Miles 


(at leaſt, 
« Which. who once meaſures, will dread all the 


(reſt ; 
« At th' Inſtep of juſt ſuch another Hill, 


« There creeps a Spring, that makes a little Rill: 

« Which, at firſt Sighr, to curious Viſitors, 

« So ſmall, and ſo contemptible appears, 

« They'd think themſelves abus d, did * 
— : a 5 

« To fee, wherein the Wonder of it lay. oY 

« This Fountain is ſo very, very ſmall, 

« Th Obſerver hardly can perceive it crawl, 

“ Thro' the Sedge which ſcarcely, in their Beds, 

« Confels a Current, by their waving Heads. 

« T'th' Chinks, thro' which it iſſues to the Day, 

« It ſtagnant ſeems, and makes ſo little way, 

« That Thiſtle-Down, without a Breeze of Air, 

May lye at Hull, and be becalmed there; 

« Which makes the wary Owner of the Ground, 

« For his Herd's Uſe, the tardy Waves impound, 

“In a low Ciſtern, of ſo ſmall Content, 

« As ſtops ſo little of the Element, 

« For ſo important Uſe, that when the Cup 

« Is fulleſt crown'd, a Cow may drink it up. 

„Vet this ſo ſtil}, ſo very little Well, | 

* Which thus beheld, ſeems ſo contemptible, 

No leſs of real Wonder does comprize, 

„Than any of the other Raricties. 


“ For, 
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For, now and then, a hollow murm'ring Sound, 
“ Being firſt heard remotely under Ground, 
« 'The Spring immediately ſwells, and ftraight - 
« Boils up, thro' ſeveral Pores, to ſuch a Height, 
« As over-flowing ſoon the narrow Shore, 
& Below does in a little Torrent roar ; 
« Whilſt near the Fountain's Mouth, the Water 
{ings 
« Through the ſecret Conduits of her . " 
« With ſuch a Harmony of various Notes, 
« As Grotto's yield, thro' narrow brazen Throats, 
« When, by Weight of higher Streams, the 
(lower 
« Are upwards forc'd, in an inverted Shower. 
« But the ſweet Muſick's ſhort, three Minute's 
OS, (Space, 
« To higheſt Mark, this Ocanet does raiſe ; 
« And half that Time ſends back the ebbing Waves, 
To the dark Windings of their frigid Caves. 


« To ſeek inveſtigable Cauſes out - 

<« Serves not to clear, but to increaſe a Doubt; 

« And where the beſt of Nature's Spies but grope, 

« For me, who worſt can ſpeculate, what 

(Hope 

4 To find the ſecret Cauſe of theſe ftrange Tides, 

« Which an impenetrable Mountain hides 

« From all, who'd view theſe Miracles, that 
| (come, 

« In dark Receſſes of her ſpacious Womb. 

« And * He, who is in Nature the beſt read, 

« Who the beſt Hand has, with the wiſeſt Head; 


— 
8 


— 


* Mr. Hobbs. 


— — ED. 
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« Who can beſt think, and beſt his Thoughts ex- 


| (preſs, 
« Does but perhaps, more rationally gueſs. 
« When he his Sente delivers of theſe things, 
« And Fancy ſends, to ſearch theſe unknown 


(Springs ; 


« HEx tells us firſt, theſe flowing Waters are 

« Too ſweet, their Fluxes too irregular, 

« To owe to Neptune theſe fantaſtick Turns, 

« Nor yet does Phæbe with her ſil ver Horns, 

« Tn theſe free-franchis'd ſubterranean Caves, 

« Puſh into crowded Tides the frighted Waves. 

« But that the Stream, ſwell'd by ſome ſmoaking 
(Shower, 

« That teeming Clouds, on Tellus Surface pour, 

« Marches amain, with a confed'rate Force, 

« Until ſome ſtraighter Paſlage, in it's Courſe, 

« Stops the tumultuous 'Throng, which preſſing faſt, 

« And forc'd on ſtill, to more precipitous Haſte, 

« By the ſucceeding Streams, lies gargling there, 

“ Till in that narrow Throat, th' obſtructed Air, 

“Finding its ſelf in too ſtrict Limits pent, 

« Oppoſes ſo th' invading Element, 

« As firſt to make the half choak'd Gullet heave, 

And then diſgorge the Streams it can't receive. 


“Than this, of this Peak Wonder, I believe, 

« None a more plauſible Account can give : 

* Tho' here it might be ſaid, if this were ſo, 

It never wou'd but in wet Weather flow. 

Vet in the greateſt Droughts, the Earth abides, 
„It never fails to yield lets flowing Tides, 

* Which always clear and unpolluted are, 

And nothing of the Waſh of Tempeſts * 

« But 
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« But whether it a Wonder be or no, 
„ *Twill be one, Reader, if thou ſee'ſt it flow; 
« For having been there ten Times for the nonce, 
« J never yet could ſee it flow but once, 

« And that the laſt Time too, which made me 


(there 
4 Take my laſt Leave on't, as I now do here. 


T 11s remarkable Appearance happens, it muſt 
be oblery'd, at a great Diſtance from the Sea, and 
much above it, in a very mountainous Country. 
Now the Hills generally intercept the humid 
Particles, or the Vapours floating in the Air, and 
driven by the Winds, whether it rains or not. 
In this Country there are ſeveral vaſt Caverns, 
in the Belly of the Hills, found to have Water 
continually trickling down the Rocks, as well 
within the Earth as without. In the Caſe before 
us, it is then very probable, that a natural Re- 
{ervoir may be concealed ſomewhere within the adja- 
cent Hill, and ſo conveniently placed, as to receive 
the deſcending Waters. This being fill'd by the 
Drippings beforeſaid, to a fit Height, ſome natu- 
ral Syphon may begin to run, and the Water, 
deſcending thro' the ſubterraneous Vents, iſſues at 
the Place here deſcribed. The Syphon perchance 
happens to be large, therefore cauſes it to come 
down briskly in a Torrent, And thus, upon 
rational Principles, with great Probability may be 


explained, what was ſo great a Difficulty to 
Mr. Cotton and Mr. Hobbs. 


Y 
U 
1 
I 
| 


Ar Lambourn in IWorceſterſhire again, there 
is a Brook, which in Summer-time is ſaid to re- 
ccive a Flow of Water ſufficient to turn a Mill ; 

but 
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dut during the Winter, it runs with a very in- 
onſiderable Stream. Tis probable, that this 
Yroceeds likewiſe from ſome large ſubterraneous 
Reſervoir, which the Winter Snows and Rain, 
n a Length of Time, may fill to a certain 
Height, and then ſome large natural Syphon 
may take Effect, and bring away its Water in a 
Stream, equal to the Dimenſions of the Bore. And 
vhen the Reſervoir is thus exhauſted, what run 
afterwards may be no more, than the Weeping 
of the adjacent Springs. 


. 2 
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The Us E of the AIR's PRESSURE 
in RAISING FLUIDS. 


EFORE we leave this Subject, 
we ought to be ſatisfied, that tis the 
WI Airs Preſſure on the Surface of 
Fluids, which principally makes them 
riſe in the Syphon. This Machine 
we are to obſerve, is always to be Air-light ; o- 
therwiſe the Air admitted (though never ſo {mall 
in Quantity) being of the tame Denſity with the 
reſt adjacent, will counter-ballance the Weight of 
the Atmoſphere, acting upon the Surface of the 
Fluid to be decanted, and ſo cauſe the Motion to 
ceaſe, To demonſtrate this, we need only to 
take out the Cork C, ſtoping the exterior Tube, 
when the Syphon of our Tantalus“ Cup, 75 9. 
f Vlate 


* SU — my; 
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Plate 1. is in Action, and the Flux will there. 
upon immediately ccaſc. 


T x1s may be farther evinced, by running of 
a Phial of Mercury, thro' a Syphon fixed into the 
Cork, into which a ſhort Quill is allo put, by 
way of Ventage, to let in the Air, and continue 
the Preſſure of the Atmoſphere ſucceſſively, 0 
this Surface of the decanted Fluid. So long a 
the Quill remains open, the Mercury will run 
off, with great Freedom; it can no ſooner be 
ftop'd, but the Flux of the Fluid will be ſo too. 


Ir will not be unacceptable to the Curiow 
nevertheleſs, to intimate, that however the Air 
Preſſure be the true and general Cauſe of the 
Riſe- of Liquors in the Syphon, yet will they 
alſo riſe, under certain Circumſtances, and to 
certain Limits in Vacuo, when that Preſſure i 
withdrawn. This has been already hiated, to 
be owing to their being imperfe& and tenacious, 
Fluids, ſubject to the Attraction of Cohefion, 
which in ſome Bodies is more prevalent, in other! 
leſs. And this may be eaſily try d on a Jar of Wa- 
ter, by a ſmall Syphon in Vacuo, and by the 
Difcharge then made, a Judgment may be formed, 
how great the Tenacity of Water, and what the 
Attraction of the Glaſs thereon is; for was it 4 
— Fluid, and the Attraction away, it coud 

Vacuo, not be ſuppoſed to riſe or run at all. 


Trax Way of making this Experiment with 
Succeſs is, not abſolutely to fill the Veſſel brim- 
fal of Water at firſt; but, by help of a Wue 

paſſing 


— 
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paſſing thro a Collar of Leathers, when the Air 
# pretty well exhauſted, let down ſomething 
lid into the Water, which may raiſe it to the 


rim, and ſet the Syphon o' running, by which the 
iquor may be decanted, nearly perhaps, to the 


Depth of the Leg immers d; provided the Syphon 
be very ſmall: If it is any thing large, this will 
neyer happen. 


TRE like may alſo be try'd upon Mercury, by 
help of the Apparatus juſt mentioned. Fill the 
Phial with Mercury, Put in the Cork, with 
the Syphon and Ventage fixed therein. By the 
help of a Hook, ſcrew'd on the Wire, paſſing 
thro' the Collar of Leathers, an Inclination may 
be given the Phial, ſufficient to make the Syphon 
run, and then, obſerving how much of the Fluid 
will be decanted thereby, and comparing it with 
the Quantity of the Fluid firſt diſcharged, will 
ſhew, how much the Tenacity of Water, exceeds 
that of Quick-ſilver, if the ſame Syphon be made 
Ule of, in both Experiments, 


ſeveral undeniable Experiments, may be proved 
at leaſt, equal to the abſolute Weight of thirty 
three Foot of Water, it will at all Times counter- 


tity for Service. It will actually do fo in the 
Pump, and in the Syphon would very probably 
do fo, was it neceſſary to apply it, in that 
manner : So that a Fiſh-pond, or any other Head 
of Water, might be run off thereby, over a 
Dyke, much aboye the Surface, if a Sough or 

Drein, 


Now as the Air's Preſſure near the Earth, by 


ballance, and therefore raiſe and ſuſtain that Quan- 


J 
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Drein to carry it off otherwiſe, could not be 
made. 4 


WATER will riſe, in the common Air, from 
a Jet, when oyer-ballanced, by the Spring of 
Air compreſs d: Air of the common Degree of 
Denſity, will produce a like Effect in Air attenu- 
ated, or more rarify'd, as, by the proper Experi- 
ments, hereafter will be ſhewn. As an Inſtance of 
the latter kind however, at preſent, take the 
Machine, Fig. 12. Plate 1. in Form not unlike, 
and in Reality differing but little from the Syphon, 
where the Legs communicate only, there is 2 
tranſparent Veſſel fixed, through which a Jet of 
Water may be ſeen. Into this Part of the Ma- 
chine, thro' either of the Legs, firſt pour a ſmall 
Quantity of Water, which when the whole ſhall 
be revers'd, will miſs the jetting Pipe A, com- 
municating with the Veſſel C, and make its Way 
down the longer Leg E, thro' the Opening made 
at B. The ſhorter Leg is, at the fame Inſtant 
to be put into the Jar of Water C. Upon this 
the Veſlel D, before filled, part with Water, 
and part with Air, by the falling away of the 
Water, it was firſt charged with, will be filled 
with Air only, a {mall Matter rarify'd and ex- 
panded. The Atmoſphere then preſſing the 
Surface of the Water in the Jar, with its whole 
Weight, and the inward Air thus attenuated, re- 
ſiſting with but a diminiſhed Force, will - cauſe 
the Water to riſe from the Jar into the Glals- 
Head, whence continuing ſtill to deſcend, by the 
longer Leg E, the Machine will play an agree- 
able Jet of Water, fo long as there is any Liquor 
left in C, ſor a Supply. On 
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1 TT, | I HT 
on SUCTION by MACHINES. + ; 
« be) „ - 
HE Quantity of the Air's Preſſure, 
may be demonſtrated, either by E= 
perience, on the Pump itſelf, or by 
its equipoiſing and, at a Medium, 
ſuſtaining 29 Inches and a half of 
Mercury, a Fluid near fourteen Times heavier 
than W er, in the common Barometer. And the 
way we know, that it is the Air's Preſſure, on 
the Surface of the Fluid, whereby the Water is 
raiſed; by this Kind of Pump, and become certain, 
that it proceeds from no Property, Power or Effi- 
cacy in Suction is, that, in the Air, Water, and 
even a Fluid ſo denſe as Mercury, may be raiſed by 
proper Machines: But if the Air's Preſſure be re- 
moved, it cannot be raiſed at all; as may be ſhewn, 
by an exhauſting Sy ringe, to diſtinguiſh it from the 
Forcing or Injecting, commonly called a Sucking 
Syringe, or, if you pleaſe, the common Pump. 
Let this be fixed to a tranſparent Tube, and the ne- 
ther End thereof be put into a Jar of Mercury, in- 
cloſed within a tall Receiver. Before the Air is ex- 
hauſted, if the Piſton be raiſed, the Mercury will 
immediately follow ; after tis exhauſted, no ſuch 
Effect will appear. 


8 "I 
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Tuts being determined and certain, all we 
are to underſtand by Suction is; that whenever by 
any 
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any Diſpoſition or Contrivance, the Preſſure of 
our ſurrounding Fluid, the Air, is in any Place 
abated, the adjacent Matter, urged on by the 
Weight of - the Atmoſphere, will tend thither, 
and, if that Matter be fluid, twill riſe ſo far a- 
bove it's common Level, as till, by it's abſolute 
Weight, a Counter-ballance is made, in Order to 
preſerve the Equilibrium, which ought every 
where to exiſt, by the eſtabliſhed Laws of Nature 
and Proyidence. : 


Br rort Gallileo's Time, Philoſophers fancied 
this Riſe of Water and other Fluids, to be the 
Reſult of Nature's abhorring a Vacuum. Not to 
cavil at the Term abhor, which can only properly be 
apply'd to animal Affection; but to take it as 'twas 
probably intended, in a metaphorical Senſe : We 
may reaſonably enquire ; How Nature came to ab- 
hor a Vacuum, in the Caſe before us, to the Height 
of between thirty and forty Foot, from the Sur- 
face of the Earth, and no farther ? Had ſhe 'abſo- 
lately abhorred a Vacuum, this Abhorence would 
have been indefinite, and Water, upon this Prin- 
ciple, might have been raiſed 3000, as well as 
30 Foot high. But this is otherwiſe in Fad, 
and by Experience we find, that Nature has no 
Antipathy to a Vacuum; but that in general, one 
heavy Body only rites, when another, ſuperior in 
Weight, deſcends. | 


THE Riſe of Water in the Sucking-Pump, by 
the general Preſſure of the Atmolphere, incum- 
bent on the Surface of the Water in the Well, a 


Preſſure not to be excluded the Bowels of a mays 
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ſo porous as the Earth, being thus ſettled, the 


Parts of this Machine, with the Manner in which 
they act, will next come under Conſideration. 


On the Pur. 
n IS uſcful Piece of Mechaniſm was 


Xi tv r 
ESTES firſt invented by Cteſebes, a Mathe- 
el 1 Pe matician of Alexandria, about. 120 
ears before Chriſt, When the Air's 
EO Preflure came afterwards to be known, 


twas much improved, and tis now brought to a 


Degree of great Perfection. 


Or this Machine there are ſimply three Kinds, 
viz, The Sucking, the Forcing, and the Lifting- 
pump. By the two laſt, Water may be raiſed ro 
any Height, with an adequate Apparatus and 
Power : By the former, it may, by the general 
Preſſure of the Atmoſphere, on the Surface of 
the Well-Water, be raiſed about 33 Foot, as was 
before hinted, tho' in Practice it is ſeldom apply'd 
to the raiſing it much above 28. Becauſe from the 
Variations, obſerved on the Barometer, tis ap- 
3 that the Air may be, on Occaſions, 
omet hing lighter than 33 Foot of Water, and when 
ever that ſnall happen, for want of the due Coun- 
terpoiſe, this Pump may fail in its Performance. 


E 2 On 
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On the SUCKING=PUMP. | 


ä H E common Pump conſiſts of a Pipe, 
LITE open at both Ends, in which there 
e a a fliding Piſton, as big as the 

13,92 Borc, which by means of the Hand, 
or ſome other Contrivance, may be 
moved up and down, without ſuffering any * 
to come between it and the Sides of the, Pi 


therwiſe called the Barrel, as AB, in g. 2 


Plate 2. 


Ir the lower End of this Pipe and Piſton be 
put into Water, and the Piſton raiſed, by lifting 
the. Column of upper Air, a Vacuum will be 
made in the Pipe, upon which the Atmoſphere, 
preſſing on the Well-water, will force it to follow 
the Piſton, even to the Height of Thirty-three 
Feet, was the Stroke of that continued Length ; 
and if there be a Valye or Clack, ſomething like 
a Trap-door to ſhut downward, as Fig. 1. Plate 2. 
placed in ſome convenient part of the Pipe, below 
the Water ſo raiſed, as at C, Fig. 2. Plate 2. 

twill be retained therein. But if this Contrivance 
be wanting, upon ſhoving down the Piſton again, 
the Water will receed along with it, towards the 
Spring : So that, by the Motion of the Piſton up 
and down, the Water indeed will riſe and fink in 


the Barrel at every Stroke; but without an under 
Valve, 
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Valve, to confine and keep it therein, none can 
be drawn for Service. ; MT 


T x Frame A of theſe Valves, Fig. 1. Pl. 2. 
is uſually made of Wood, exactly fitted to the Bore 
of the Pipe, for which they arc deſigned, to which 
the Leathern Flap Bis nailed, and uſually lind with 
Lead, not only to make it fall readily, but to 
give it Strength ſufficient to bear the Weight of 
the Water raiſed, Torr e 


Ix this kind of Pump there is, beſides this fix d 
Valve, a moveable one for Conveniencie's ſake, 
placed in the Piſton as at D, Fig. 2. Plate a. alſo 
opening upwards, the Way the Water is to riſe. 
This Valye is commonly called, the Bucket. 


| WHEN the Piſton of this Machine deſcends, 
if the Bore of the Pipe be already full of Water, 
the Reſiſtance thereof will puſh open the moving 
Valve, and part of the Water will get above; 
and whenever the Piſton is drawn upwards, this 
Valve will cloſe under the Weight, and the Wa- 
ter will be raiſed, by the Force applied: So that, 
whenever the moveable Valve is made to lift the 
Weight of the Column, both of Air and Water, lying 
thereon, the fixed Valve is diſcharged of all Preſſure; 
and then a Quantity of Water, preciſely equal to 
that, by the Bucket lifted and drawn off, will, by 
the ordinary Preſſure of the Atmoſphere, on the 
Water in the Well, be forced or weighed up thro' 
it, to repleniſh the Pipe or Barrel. And this al- 
ternate Action of the two Valves, is viſible thro' 


the Glaſs Pumps. 
E 3 Burt 
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Bur if the Bore of this Machine be full of 
Air only, before Water can be drawn, that Air 
muſt be exhauſted ; which may be done, if the 
Piſton Valve be tight, by the ordinary Motion 
thereof: But for the greater Certainty and Expe- 
dition, Water is commonly poured thereon down the 
Pipe, vulgarly called Fetching the Water; which is 
of no other Uſe, than to wet the Valves and ſupple 
the Collar of Leather, fixed to the Bucket or 
Piſton, that it may cling cloſe to the Sides of the 
Barrel, and ſuffer neither the upper Air or Water 
to eſcape by it, when moy'd up and down, 


Tux firſt Stroke of the Pump-Handle, if ſuf- 
ficiently long, makes a total Vacuum in the Pipe, 
if not, an Approach is only made towards it, and 
but a Part of the Air contained lifted away ; up- 
on which, the Air remaining in the Cayity, from 
it's natural Spring, will be conſiderably dilated. 
To reſtore the natural Denſity whereof, the At- 
moſphere then preſſing harder, on the Well-water 
than can the dilated Air in the Pipe, will cauſe 
the Water to riſe therein fo far, as that, together 
with the included Air (yet a little rarify'd by the 
depending Weight of Water) it ſhall juſt counter- 
poiſe the Weight of the outward Air. The very 
lame Thing again will happen on a Repetition of 
the Stroke, till by Degrees the Water ſhall have 
reached the moving Valve, and then the Proceſs 
will go on ſteadily as before; and Water, by 
means of this Contrivance, may be raiſed to any 
Height whatever, if the Power applied be ſuf- 

ficient 
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ficient to lift the Weight, and the Pipes ſtrong 
enough to dear the Fluids lateral Preflure, * _ ©.) 


THz Preſſure on the Pipes in Pump-work, 
has already been proved; to be in Proportion to the 
ſariding Height of the Fluid, aboye the part con- 
ſidered: But the Weight incumbent on this 
Bucket or moving Valve of a Pump, in Action, ig 
nearly proportionable to that of the Column of 
Water raiſed. For tho' the Puſh of the Atmoſphere, 
on the Surface of the Spring, when the Bueket riſes, 
be really equal to Thirty three Foot of Water; 
yet is this Aſſiſtancę exactly counter-ballanced by 
the Weight of the Atmoſphere incumbent on 
the Surface of the Water thereby raiſed : 80 
that all the Advantage to be obtained by Hy- 
draulick Machines, or Engines to raiſe Water, as 
well indeed, as all other Pieces of Mechaniſm 
whatever, is only putting Things into à conve- 
nient Method of being executed, and the Perform- 
ance depends on the moving Power entirely, under 


the Diſad vantage of Friction, always againſt it. 
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122. Pump thereſbrc intended to mit Water 
925 2 Rs toany Height, will always work as 
750 eaſy, and require no greater a Power 
co give Motion to the Bucket, if the 
valves be placed towards the Bot- 


tom of the Pipe, than were they fixed thirty 
Foot above the Source of Water. 


T HE during of the Piſton thus low in the 


Pi will beſides prevent an Inconvenience, 


which might: happen, was it placed above, 
vi. In Caſe of a Leak, beneath the Bucket, 


which, in a great Length of Pipe, may very eaſily 


happen, the outward Air, getting thro', would hinder 


the neceſſary Rarefraction of the Air in the Barrel, 
and conſequently, the Pump would fail in its 
Operation. This can only effectually be prevented, 


by placing the Pump- work in, or near the Wa- 


ter. In which Cafe, ſhould any Leak happen 
upward, twill- only occaſion the Loſs of ſome of 
the Water, without any other Inconvenience. 
And the Leather Valves, being thus kept under 


Water, will always be ſupple; plyant, and in a 
fit Condition to perform their Office. 


Ir may be objected; that the Weight of the 
Rod, to which the Bucket is fixed, may bean In- 


cum- 
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cumbrance to the working of the Pump: But if 
it be made of Oak, when well ſoak'd, 'twill 'be 


nearly of the fame ſpecifick Weight with Water, 
and ſo no Burthen on the moving Power. 


Piicinc the Pump-work , that is, the 
valve and Piſton; pretty low and near together, 
will alſo prevent our not being able, in all Caſes, | 
to fetch up Water from the Spring, by the or- | 
dinary Pump, being of equal Bore, by Reaſon 

of the ſhortneſs of the Stroke, which e 
will not rarify the Air ſufficiently, to: bri 

up to the Piſton, from the nether Valve. F Fs 
Inſtance : Take a ſmooth barrel'd Pump, twenty- 
one Foot long, having it's Piſton, fetching a Foot 
Stroke, placed above, and it's Clack at the other 
End below. By the playing of the Piſton, ſup- 
poſe it poſſible for Water to riſe eleven Foot, 
or if you will, let Water be poured on the 
Clack, to the Height of eleven Foot ; and re- 
fit the Piſton. There will remain Kill nine Foot 
of Ajr between it and the Water, which cannot 
be 1ufficiently rarify'd, by a Foot-Stroke, to open 
the Clack, or fetch up any more Water : For, 
in this Caſe, the Air can only be rarify'd in the 
Proportion of 9 to 10; whereas to make a bare 
Equilibrium with the Atmoſphere, it ought to be 
as 9 to 133: Since; as 22, or the Complement 
of 11 to 33 Foot of Water, the Weight of the 
whole Atmoſphere, is to 33 Foot, or the Atmo- 
ſphere; ſo is the Interval ſpoken of 9, to 135; 


to compleat which, the Stroke ought to be at leaſt 
43 Foot long. 


* 
mea pm 


By 
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q By filling the whole Void howeyer, between 
the Piſton and Clack with Water, this laſt Ob- 
dion might. be removed. 2 0 
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Dis POSITION of PiPEsS of 
15 CONDUC T. 5 


LR ſome Caſes, the Pump cannot be pla- 
TH yy ced conveniently perpendicular to the 
wen: For Example, being to raiſe Wa- 
err out of the Well at A, Fig. 3. Pl. a. 
M by Means of a Pump at B; the beſt 
Way will be, to carry the Barrel as low as is the 
Spring, communicating therewith, by means of the 

ipe at C. The Bucket then playing in the Barrel 
at BC, will have the ſame Effect, as if the Well 
was made perpendicular to the Pump : Becauſe the 
Water, by its proper Weight, will always repleniſh 
, thro A, to the Level of the Well-water at F. 


Ax if it ſhould happen, from ſome Impedi- 


ment, that the Barrel cannot go down to the 
Well directly, it may be led any other way for 
Convenience; and making the Pipe of Conveyance 
E, leſs in Diameter than the Barrel, it will the ſooner 
be exhauſted of Air, by moving the Piſton, and the 
Water will follow very briskly, as by the Pump at D. 


Ir will, however, always be more eaſy to 
draw Water with Pipes that are large, and of 
equal Bore ; becauſe the Water will have a leſs 

Velo- 
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Velocity in them, and the Friction will be in 
Proportion leſs. Upon this Account, the Pumps or-— 
dinarily made by the Plumbers, go not ſo eaſy, as 
thoſe bor'd out of Trees; becauſe, by making 
their Pipe ſo much leſs than the Bucket, they, as 
it were, wire-draw the Water rais d. If the 
Barrel, for Inſtance, be 4 Inches in Diameter, 
and the Pipe of Conduct 1, it will move 16 Times 
as faſt thro this, as it will in that. For the 
like Reaſon, it will be alſo a Fault, to bore a Pump 
conically upward, becauſe the Water cannot with 
Freedom follow, ſo faſt as by a Vacuum, by the 
moving Piſton may be made; and the Reflection 
of the Water, from the Sides, will always be a 
Hindrance, to the Operation. eq 


On LEATHERING the P1STONS: 


rap Nother Miſtake, the unskilful Work- 
man is apt to make, is leathering 
2 the Piſton ſo ſtiff, as to bear ſo very 
bad againſt the Sides of the Barrel, 
VIE £3; by as to wear it much away, called 
Chambering the Pump. However, 
ſuch a Machine may be very tight, it will, 
on Account of the great Friction, require more 
Labour to work it, than is neceſſary. 


TH E upper Leather of a Shoe is ſtrong enough 
to reſiſt any reaſonable Preſſure from above, as in 
the 
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the Caſe of the Sucking and Lifting-Pump Piſtons, 
or to oyercome any Thruſt made below, as in the 
Caſe of the Piſton of the Forcing Pump. 


> Tas. way of leathering the. Piſtons of theſe 
Machines is ſuch, that when the Strein comes, 
the Leather, being a ſtrong, tough, and yielding 


Subſtance, may ſpread, and ſuffer neither Air nor 


Water to paſs, between it and the Sides of the 
Barrel, when 'tis moved; If the Pump be to 
work hot Liquors, coarſe Cloth is uſed, inſtead of 
Leather, for this Purpoſe. 


On the LIT TING-PUMP. 
HE Structure of the Lifting- Pump, 


of the Sucking-Pump, in nothing but 

the Diſpoſition, As that has its 
M fixed Valve below, and the moveable 
one above, in the Barrel AB, this is juſt the con- 


trary, as C and D. As the Bucket and Piſton 


of that is moved by a Rod, within the Bore of 
the Pipe, this is ſo, by means of a ſtrong Frame, 
fixed to a Rod without at E. As in that, 'tis of 
Advantage, for fear of a Leak, to have the Pump- 
work, if poſſible, in or near the Water; this in 
Practice is commonly made to do ſo, and for that 
Reaſon is very ſeldom ſubject to any Failure in its 
Performance. An Elbow in this kind of Ry 

; OW 


Fig. 4. Plate 2. differs from that 


do 0,8 A = 


ot © -&- -— ru (Q. 


— - 
FEY 


A — wanLeA. v2 


F OP | 


NATURAL and ARTIFICIAL. 6r 
however, to lead the lifted Water clear of the Rod, 
which of Neceſſity muſt. play perpendicularly, is 
unavoidable. The Friction occaſioged hereby will 
always be the leſs, the nearer this Bend comes to 
a ſtreight Line. 


8 


FROM the Name and Structure of this Ma- 
chine, it may be imagined perhaps, that the Airs 
Preſſure is not of equal Service to this kind of 
Pump, as to the former; but it is otherwiſe. For 
if both Valves be not perfectly Air-tight, Water 
will not be raiſed thereby; but in Caſe neither 
of them is defective, Water will be raiſed by much 
the fame Proceſs, as that of the Sucking- pump, be- 
fore explained, and to very good Purpoſe. Nor 
is there any Doubt, but that if two Machines, a 
Sucking and a Lifting-Pump were made of equal 
Bore, wrought with equal Force, and were in 
every Circumſtance alike, they would be found 
of equal Service in raiſing Water. 5 


N. B. The 11 of the ſeveral Piſtons, 
and their Valves in he common Pump-work, 
are expreſsd in the Draughts, ſufficiently 
plain, and all diſpoſed in their proper Acbious, 
when the Machines work. 


The 
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BS ND as the Weight of the Atmoſphere 
is of very great Uſe, in the two Pumps 
W already deferibed, it is of no 1efs Ad. 
vantage to the Forcing-pump, which 
* conſiſts as in Fig. 5. Plate 2. of a 
Bartel AB, a Piſton or Forcer C, leather'd up- 
wards, that it may withſtand the Preſſure of the 
Atmoſphere from above, that ſucking it may 
bring up the Water to ſupply the Barrel, and 'tis 
leathered downwards, that it may reſiſt the Weight 
of the Water to be forced up, or raiſed. There 
are two fixed Valves in this kind of Pump ; one 
in ſome convenient part of the Streight, otherwiſe 
called the Sucking-pipe, as at D, the other in 
the Branching or ho) em: as E, Theſe ought 
in like manner to be Air-tight, and ſo diſpoled, 
as to let the Water freely rife, but abſolutely 
hinder its Return, 


WHEN the Forcer is firſt moved upwards in 
the Barrel, the Air between that and the Water 
below, having Room to dilate, by its natural 
Spring, will of Courſe be rarified therein, the 
Preſſure of the Atmoſphere being intercepted by 
the Forcer in the Barrel AB, on this Hand, and 
by the the upper Valve at E, in the Branching- 
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pipe on that; the Water will then riſe. from 
the Spring into AB, for the Reaſon already of- 
fered. Repeated Strokes of the Piſton will fetch up 
the Fluid to the Forcer, and at length fill the Ca» 
vity of the Pipes, between the fixed Valyes D and 
E; 9 which, the Water in this manner ſucceſſively 
raiſed, being ſtop'd from going down, by the 
Valve, will every Time the Forcer deſcends, be 
preſs d thereby, . obliged to make. its Way, 
where the leaſt Reſiſtance is, viz. thro' the Valve 
at E. And whenever, on the riſing of the Forcer, 
this Preſſure intermits, the Valve at E, will im- 
mediately cloſe, under the Weight of tlie upper 
Water, to prevent it's Return, while the Piſton 
ſhall be riſing with a freſh Supply, and this re- 
peated, at every Stroke of the F orcer. | 
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On FIRE- ENGINES. 


N EN NGINES for extinguiſhing- Fire, 
are either Forcing or Lifting-pumps, 
and, being to raiſe Water, with great 
AD Velocity, their Execution, in great 
20 29% © Mealure, depends upon the Length 
of their Leavers, and the Force wherewith they 
are wrought. 


For Example, AB, Fig. 1. Plate 3. is the 
common ſquirting Fire-Engine, DC, is the Frame 
of 
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of a Lifting-pump, wrought by the Leavers E and 
F, acting always together. During the Stroke, the 
Quantity of Water, raiſed by the Piſton N, ſpouti 
with Force thro the Pipe G, made capable of any 
Degree of Elevation, by means of the yielding 
leathern Pipe H, or a Ball and Socket, 
turning every way, ſcrew'd on the Top of the 
Pump. Between the Strokes, the Stream is diſ- 
continued. The Engine is ſupply'd by Water, 
poured in with Buckets. above. The Dirt and 
Filth whereof: is kept from choaking the Pump- 
work, by help of the Strainer TK, 


A Improvement has of late been made to theſe 
Machines, in order to keep them diſcharging a con- 
tinual Stream. In doing whereof, it is not to be 
underſtood, that they really throw out more Water, 
than do the ſquirting ones of the ſame Size and 

imenſions with themſelves ; but that the Velo- 
city of the Water, and of Courſe the Friction 
of all the Parts, being leſs violent, the Stream 
is more even and manageable, and may be directed 
hither or thither, with greater Eaſe and Cer- 
tainty, than if it came forth only by Fits and 
Starts ; and is therefore generally better fitted for 
the Purpoſe intended, eſpecially in the Beginning 
of theſe Accidents. | | 


' Tarts is done by the Spring of Air, confined 
in a ſtrong Metal Veſſel CC, in the Fire-Engine 
AB, Plate 2. Fig. 3. fixed between the two 
Forcing-pumps D and E, wrought with a common 

double Leaver FG, moving on the Center H. 
The Piſtons in D and E, bath ſuck and force al- 
| ö ternately, 
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nately, and are here repreſented in their different 
7 up the e ares at 1K and 
LM. 


TAE Water, to Fra this Engine, is af 
poured. into the Veſſel A B, and being ſtrained 
thro the wire Grate N. is by the Preſſure of the 


Atmoſphere raiſed, thro' the Valves K and M, 


into the Barrels D or E, when either of. their 
Forcers aſcend; whence again it will be forcibly 
puſhed when, they deſcend, into the Air-VeMt- 
CC, thro” the Valves I and 2 by turns. By the 
For ce whereof, the common Air, en the 
Water and the Top of the Alr⸗veffel O, will from 
Time to Time be forcibly crowded into eG Room, 
and much compreſſed ;; and the Air being a Body, 


naturally cndowed with a ſtrong and lively Spring | 


always endeavouring to dilate itſelf every, w 
alike, in Tath Circumſtance, bears powerfully, Fc both 
againſt the Sides of the Veſlel, wherein it is con- 
fined, and the Surface of the Water thus injected, 
and ſo makes 4 conſtant regular Stream to rite, 
thro the metal Pipe P, into the 'Teathern one 
Q ſcrewed. beten, Which being flexible, ma. 


be led about into Rooms and Entri , as .the Cale. 


may F 7 25 4. 


Snob iv the Air, contained/in 655 vets be 
compreſſed, 3 into half the Space, f is took up in its 


natural State, the Spring thereo Will be much 
about doubled, and as before it equalbd, and was 
able to ſaſtain the Prelſure of a ngle Atmo- 


iphere, it will have now a double Fo orce, and by 
its Spring alone, will 7 Water into Air, 
10 the 


r 
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the common Denſity; about 30 Foot high. And 
ſhould this Compreſſure be {till augmented, and the 
Quantity of Air, which at firſt filled the whole 
Veſſel, be reduced into a third of that Space, its 
Spring will be then able to reſiſt, and cofiſequently 
raiſe, the Weight of a treble e in 
which Caſe twill throw up a Jet of Water 60 
Foot, high. And ſhould ſo much Water again be 
forced into the Veſſel, as to fill three quarters 
of the Capacity, it will be able to throw it up 
90 Foot high; and white ever the Service re- 
quires a ſtill greater Riſe of Water, more Water 
muſt be thruſt into this Veſſel, and the Air 
therein, by main Force, being driven into a ſtill 
narrower Compaſs, at each Exploſion of the Ma- 
chine, the Reſtitution thereof to its firſt Di- 
menſions, is what carries on the Stream, between 
the Strokes, and renders it continual, during the 


Operation, 


Tuts Experiment, in little, may be either 
made on the Lifting or Forcing- pump, the No- 
ſels of which may be left large, on purpoſe, for 
the Reception of the ſmall Pipe F, Fig. 6. Plate 2. 
reaching nearly to the Valve at E, and occaſion- 
ally to be ſcrew'd in. Between this Pipe and the 
Sides and Top of the Noſel H, a Quantity of Air will 
be er when the Forcer acts, will be com- 
preſſed at every Stroke, by the Riſe of the Water, 
more Whereof will be puſhed thro E, than can im- 
mediately get away thro' the Pipe F, always leſ 
in Diameter than the Opening of the Valve at E, the 
Degree, of which Condenſation, and that of the Re- 

ſtitution, to its natural State of Denſity, may be 
1 obſerycd 
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obſeryed, through the glaſs Machines, to Satis- 
Sen 152 . 


SHORT Account and Explanation of 
Ve the Engines of Uſe in Coal- works, and 
oder Mines, for the raiſing of Water 
by Fire, can not be unacceptable to the 
Curious. They are uſually Forcing- 
pumps, with an Air-veſſel apply d, and wrought, 
by the Weight of the Atmoiphere, on a Piſton, 
under which a Vacuum is made, by the help of 
the Steam of boiling Water. 


No w, tho' the Water itſelf cannot be con- 
dens'd, by any external Force, as is evident from 
the Florentine Experiment, related above; pag. 11. 
that is, it cannot be reduced into a fmaller Bulk 
or Space, than it ordinarily has, with us, in very 
cold Weather; yet it will be very much rarify'd 
or dilated by Heat, as may appear, on putting ſe- 
veral ſmall Bubbles of Glaſs, Metal, Sc. that are 
of a Weight, juſt to ſwim, into cold Water. 
Tueſe ſet near a Fire, or over a Lamp, will 
ſink one by one, as the Fluid warms, or grows 

more rare. And by accurate Experiments tis prov'd, 
that Water may be rarify d, ncar 14000 Times, by 
being reduced into Steam, the Particles whereof 
ae endowed with a very powerful repellent Force ; 

2 ſince 
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ſince they are able, when confin'd, to drive before 
them Air, and lift even a great Weight of Wa. 
ter, to very conſiderable Heights. 


IN order. to ſupply a Quantity of Steam, 
for this Purpoſe, the Machine ſpoken of, has 
large globular Veſſel of Water, which, when the 
Engine is at work, is kept boiling /over a. brisk 
Fire, and in which the Steam is cloſe confined, in 
Plate 4. marked A. a 


WHEN the Steam herein is ſufficient denſe, ot 
ſtrong, Part of it is let go, by turning a Cock, 
into the hollow Cy lender B; by means where- 
of the Air, therein contained, is expelled thro a 
proper Clack, and the whole Cavity of Conſequence 
filled with Steam only, which being a Body, that 
may be condens d again to Water, by a Jet of Water 
cold, diſperſed among it, what, in the Circumſtance 
of Steam, took up the Space of 14000 Pints, vil 
thereby be reduced, into that of one. By which 
Artifice, a Vacuum, in the hollow Cylender, i 
nearly obtained. The Piſton then C, preſſed by 
the Atmoſphere above, will be weighed down, 
and deſcend with a Force, equal to the Inches af 
the Diameter ſquared, and multiply'd by 12 (thc 
ordinary Weight of Air, incumbent on 1 round 
Inch near the Earth) and a Pull thus made, at the 
End of a Leaver, equally divided at D, will ea. 
ways raiſe an equal Weight at the other: So that 
while the Steam is entring B, the Piſton. E, fink 
and forces, and when that Steam is condenſed, it 
ſucks and riſes, and thus alternately ; fix or eight 
times perhaps, in a Minute, *according to = 
ine 
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Size of the Boiler, and the Intenſeneſs of the 
Fire, that i is to lupply the Steam. 


IN Proportion to the Leng ;th of the Stroke, 
and the Diameter of the — Forcer , a 
Body of Water, of like Dimenſions, will be raiſed 
at every Pull, from the Spring at Z, into the 
Sucking- pipe N. and brought thro' the fixed 
Valve at O, which, when the Piſton ſinks, by the 
Weight of the counterpoiſing Lifts of Lead at (o- 
caſionally to be laid on, according as the Atmo- 
ſphere happens to be more or leſs heavy) will be 
o puſhed thro' the fixed Valve, in the Branching-pipe 

2 at which Time, the whole Colunin of Water 
| in F, being lifted thereby, an equal Quantity Will 
be diſcharged, and run off at J. oF this Ma- 
ba chine, an Air-Veſſcl | as C, may be added, if it 
be thought proper, to leſſen the loci of the 
Water in F; but in Dreining of Mines, this can 
_ be neceſſary. 


will 

1 Tx x. Forcer of this Engine E. i is beſt * cy- 
'by lendrical, and as long as the Stroke intended, from [ 
un. 2 N. In which Caſe the Collar J in which it 
works, is leather d both upwards and dow nwards, 
tte Which is found to be more convenient, and to 
have the fame Effect, as if the Piſton was fo 
the leather d, and made to move, in hollow Cylenders, 


a in the common N they do. 


* 5. OR 18 "Miching, according to late loproper 
ments, begins of itſelf to work, as ſoon as. the 
oht Water boils, and by little Contriv nces, the Mor 


"hell tion of the Grad Machi ige is made. ſubſervient 59 
3 | che 


5 
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the Operation, either by turning the Steam, out 
of the Boiler, into the hollow Cylender, from 
Time to Time, or ſhutting it. off; and alſo, by 
letting in the Jet of cold Water, ſu Eran, when 
wanted, from the Ciſtern K; and 1 a We, the 
whole may caſily be ſtop d. | 


Ir at any Time, the Fire and the Steam 900 
too Mad / to prevent Miſchief, from blowing up 
the Copper, wu he like, there is a ſhifting Valve, 
of a certain Weight, a little conical, put in at 
L; which when the Steam becomes too elaſtic or 


over-ſtrong, will be thrown out, or at leaſt oy 
to give it ent. 


Tus Segments of Circles M M, fixed at 
either End of the grand Leaver, are to give the 
Chain, to which the Piſton and Forcer hang, a 
perpendicular Direction, in all parts of the Stroke. 


THERE is indeed, a Vein of W and 
. Contrivance runs ; thro' the whole Machine, and 
t is very well worth conſidering, as a Hydraulick- 
Engine; however, in point of Profit, it may not 
anſwer the E xpeQations of ſuch- as uſe it, -where 
Fewel is not very cheap ; for the faving whereof, | 
a Fire-Box, having the boiling Water "nearly 
round it, has been uſed with good Succeſs, 51 


TE original Engine, for raiſing Water 1 
Fire, as orig ibed in Harris's Lexicon Techni- 
cum, did not work a Forcing-pamp like this; but 
the Veſſel, put here in place of the hollow Cy-. 
tender was firſt clear d of Air, by a Quantity 'of 
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Steam turned i in, which being next condenſed, by 

a Daſh of cold Water, thrown thereon, was Auel 
by Water from the Spring, which by the repel- 
lent Force of the Steam, à ſecond Time admitted. 
from the Boiler, was gradually lifted, thro' Pipes, 
to the Height intended. And this in Mines, 
where Room, for working the” 115 Le 
is wanting, is ö ſtill in Ufſ 1 A 


HER E is ſtill another Machine, 
-| we raiſing of Water, called the 'Chain- 
or 2 Fig. 1. Plate 6. conſiſting 
= "Th 2 Tho els, and a Chain of 
like Piſtons, fixed at proper Diſtances 
con. The Chain is moved by coarſe Wheel-work, 
taking hold of the Links as They riſe, turned by 4 
Handle. A Row of the Piſtons are always bearing 
againſt the working Barrel, the End whereof is 
immers'd in the Waker: intended to be raiſed. By 
the Piſtons thus folding in one after another, 
Stones, Dirt, and whateyer comes in the Wa 
are clear d. This Pump is generally made Uſe 
of, to drein Sewers, and , remove foul Waters, in in 
which no other Pump could work, 1 * 
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On the ENGINE for raiſing WATER, by 
a MULTIPLYING-WHEEL» 


T would be endleſs to conſider, and de- 
| ſcribe the Mezhaniſm and all the Con- 
Wi | =y- tiivances of Engines, for drawing of | 
SAT wil Water. The general Principles where- 
: of, being well underſtodd, the Uſe 
and Application of all Machinery, for that Purpoſe, 
will eaſily be diſcerned. The Deſcription however, 
and Sketch of an Hydraulick Machine; that has 
no ſort of Dependance, on the Action of the 
Atmoſphere (but which, by the Weight of Wa- 
ter only, and without Pump- work of any” kind, 
raiſes Water ſufficient, to ferye a Gentleman's Seat, 
in Buckinghamſhire, with an Overplus for Foun- 
rains, Filh-ponds Sc. executed by, the late 
Mr. Gerves) it is to be hoped, the Curious will 
%%% 7... 
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A and I in Plate 5, are two Copper Pans or 
Buckets, of unequal Weight and Size, ſuſpend- 
ed to Chains, which alternately wind off and on 
the Multiplying Wheel TZ; whereof the Wheel 
T is ſmaller in Diameter, and E larger, in Pro- 
portion to the different Lifts, each is deſigned to 
perform. T 


WHEN 
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W AEN tlie Buckets are -rtupty;, thick! are- 
ſtop'd, level with the Spring at A, "whence. they: 
are _—_ filled with Water, in the fame Tiro. 1 70 


Taz greater- of the two A, being the beevice; 
when full, prepondates and deſcends 10 Foot per- 
haps, from C to D; and the leſſer B, depending 
from the ſame Axis, 1 i thereby weigh'd UP, or N | 
from E to F; duppoſe 30 Foot. | 


. E RE, by particular little Clinairagzn> © o 
pening the Valves, placed at Bottom, they both diſ- 
charge their Water, in the {ame Time, thro' pro- 
portionable Appertures ; ; the ſmaller into the Ci- 
tern V, whence tis conveyed for Service, by the 
Pipe T, and the larger at D, to run waſte by the 
Drein, below at H. The Bucket B, being empty, 
is ſo adjuſted as then to over- weigh, and deſcendin 
ſteadily, as it roſe, betwixt the me Rods V, FA 
brings or weighs up A, to it's — Level at 'F, 
where both, being again repleniſhed from the Spring, 
they thence proceed as before. And thus will 
they continue conſtantly moving (merely by their 
circumſtantial Difference of Water- weight, and 
without any other Aſſiſtance, than that of ſome- 
times giving the Iron- work a little Oyl) as long as 
the Materials ſhall laft, or the Spring ſupply Water. 


THE Steadineſs of the Motion, is in Part regu- 
lated by a Worm, turning a Jack-Fly, and a little 
ſimple Wheel- work at LM, which, communicating 
with the multiplying- Wheel Axle, at M, is thereby 
moved forward or backward, as the Buckets _ 

TIC 


m4 The Motion of FLUFDS,. 
riſe or deſcend. But what principally keeps the 
whole Movement fteady, is the Equilibrium preſer- 


ved, inthe whole Operation, by a Weight of Lead, 
at the End of a Leaver of fit Length, and fixed 


on one of the Spindles of the Wheel-work, the 
Numbers whereof are ſo calculated as, during the 


whole Performance up and down, to let it move 
no more than one fourth of a Circle, from G to K, 


by which Contrivance, as more or leſs of the 
Chains, come to be wound off their reſpective 
Wheels T and Z, this Weight gradually falls in, 


to, counter-ballance them properly, and ſo con- 


tinues the Motion equable and eaſy, in all. its 
** 


Tur : Water, waſted by this Machine, i is not 


e the hundredth Part of what a Water-wheel 
will expend, to raiſe an equal Quantity. But 
where a Fall, proportionable to the intended Riſe 
of Water, cannot be had, with a convenient Sew- 
er to carry of the Waſte-water, nnen this De- 
vice cannot be put in Practice. 


N. B v . 2 in this Dras a $ 
repreſented ſomething larger than Poe Life 
Weg the ſao being difind. ; 
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FLUIDS are ſuſtained in the AIR, without 
4 COUNTER-PRESSURE from above, 


H E Service the Atmoſphere is of, in 
the raifing of Water, being aſcertain'd, 
2 on it may not be amiſs, in the next Place, 
bös 2,4 to ſhew, that a Quantity of a Fluid, 
wow fo heavy as Water, will not fink 
therein, unleſs the Air have Liberty to preſs 
the upper Surface thereof, as well as the nether; 
which may be proved by filling, ſuppoſe a Pint 
Mug, or a large Drin king-glaſs, to the Brim, with 
Water, then covering it with a ſmooth flat Piece 
of Paper, and inverting it, the whole Body of the 
Fluid will remain therein ſupported, as in Fig. 2. 
ES EE " 


Ir will be granted, that if the Paper was put 
dry on ſuch a Veſſel empty, it would fink in the 
Air, and fall away, even by its own Gravity ; and 
if put on wet, twere to be doubted, whether a very 
ſmall Weight added thereto, would not ſeparate it 
from the Glaſs; fo inconſiderable would the Tena- 
city of the Water, be in this Caſe, The Paper 
therefore cannot be ſuppoſed to ſupport the incum- 
bent Weight of Water; and the true Cauſe thereof 
muſt be this. The Bottom and Sides of the inverted 
glaſs Veſſel, being rigid, keep off the Preſſure of the 
Air from the Fluid above, whereas it hath Li- 
berty of Acceſs, and freely acts thereon below; and 
that it does ſo, will in Part, appear to an Obſer- 


ver, 
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ver, by the Concavity of the Paper underneath, 
Could the Air's Preſſure in this Cale be admitted, 
thro' the Foot of the Veſlel inverted, - without 
doubt, the whole Column would deſcend together, 
The like would happen, ſhould the Paper be re- 
moved; but for a different Reaſon, vi. the large 
CoJumn of Water, in the Mug, being compoſed, 
of many collateral ones, which, diſpoſed as in a 
Bundle, reſt on the Paper, where with the Veſlel 
is covered, as on a common Baſe ; and theſe, be- 
ing all cqually denſe, and equally fluid, are all 
retained, and kept of the ſame Length, by the 
general and uniform Preſſure of the Air againſt 
the Paper below, and ſo long as this continues, 
none of them gets the leaſt | ah over the 
reſt, and they are all ſuſtained, in a Body compact 
together : But when the Paper is removed, it be- 
ing ſcarce poſſible to hold the Veſlel ſo exactly 
level, but that ſome one or other of theſe {ſmaller 

fluid Columns will become longer, and ſo heavier 
than thoſe adjacent, and over-ballancing the reſt, 
will deſcend, and give the lighter Fluid, the. Air, 
Leave to riſe in to its Place, even to the Top of the 
Glaſs, the general Preſſure whereof being there 
admitted, will ſoon cauſe the reſt of them to- 
move, and the whole Quantity then will deicend, 
ſeemingly together. 5 


Ac Ax, ſhould a Veſſel be but part filled 
with Water, the ſame Effect will follow, to a 
certain Degree: For Inſtance, ſuppoſe we fill a 
long Glaſs, one half with Water; cover it with 
Paper, and turn it down as before. Six Inches ſup- 


poſe of Water, endeavouring to deſcend, will by 
its 
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th, its Weight rarify the Air, in the Glaſs above it, 
ed, perhaps one ſixtieth Part or more. The denſer 


"_ Air without, will then overpoiſe the Air rarify d 
er. within, and therefore a certain Quantity of Water, 
2 ual to the Difference of the two Preſſures, will 
S in this. Caſe, be thereby buoyed up and ſup- 
rted. But the Air within the Glaſs, being 
&. Alated as aforeſaid, the Water ſuſpended muſt. 
lel be expeged to hang ſomething below the Mouth 
we of the Glaks, though not enough perhaps, to over- 
a come the Tenacity of the Water, and make ic 


all U deſcend. 


On the FOUNTAIN at Commuzidl 


we 5 PO N this Principle acts the Fountain 
Nat Command, Fig. 3. Plate 6. The 
upper Part whereof 2 is hollow, ha- 
ving a Pipe ſodder d therein, as G, 
continued nearly to the Top, on 
which, being thruſt into a Wire- Socket, it reſts, and 
by which it may be charged with Water, when, 
turned down to any Height. In the under part of 
A, at a, a, are ſeveral ſmall Tubes, thro' which 
this Water will, on the Admiſſion of freſh Air 
thro' C, on Occaſions iſſue. The Bottom Part B, 
is hollow to receive the Water, which theſe ſhall 
diſcharge, thro' an Opening of a certain Bigneſs, 
placed immediately under the Orifice of the middle 
Pipe C, the Area of which Apperture is ſomething 
leis in Content, than that of all the ſmall Holes at a, 
a, taken together. When therefore theſe all run 
they 
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they will yield more Water, than can by the o- 
ther be received, in any given Time. This will 
cauſe the Warer, to riſe in the Baſon, ſo as frequent- 
ly to cover the End of C, and interrupt a ſucceſſive 
Entrance of the Air, and conſequently take off its 
Preflure, from the Surface of the Water, incloſed in 
A Whereupon the Deſcent, of the Fluid thro' a, 
a, will be diſcontinued, till ſuch Time, as the Was 
ter, ſo collected at Foot, is run off, and the Paſſage 

for the Admiſſion of freſh Air clear d: *T will then 
be repeated, ſtoping and running by Turns, as at 
the Word of Command, which may be cafily given, 
by obſerving the Motion of the Pluid, about the 
Foot of C. | 


Or the DouBLE-FUNNEL. . | 


T is for the ſame Reaſon, that the Con- 
> Dy uk Funnel AB, Fig. 4. Nate 6, 
is uſed to run or ſtop by Femmun. 


T Hs Machine is 8 of Tin 


doubled, and as it is to be firſt filled to the Brim 


with Water, the Fluid will riſe into the Vacancy 
or Hollow between the Plates, as into the greater 
Cavity of the Funnel equally. The Air in ſuch Va- 
caney incloſed, being puſhed-by the riſing Water, 
thro' the Hole, ordinarily concealed under the Handle, 
which muſt be ſtop'd, when the Machine is full, and 
continued 1o, till the Magician thinks fit to difiolve 
the Charm, and ſet the Waters confined, at Li- 
berty; which this Naturaliſt can do, by a ſingle 
Touch of his Finger. 


On 
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U tb ANTIGUSOL Ex: 


Hs Subject may not be diſmiſſed, 
without conſidering the Uſe of the 
Antigugler, in the quiet decanting 
of Liquors, liable to a Sediment. 
Having ſeen the Neceſſity of the 
| Air's upper Preſſure, to promote 
the eaſy and uniform Flux of Fluids from cloſe 
| Veſſels, commonly called, Giving them Vent; tis 
no Wonder, that in decanting of Liquors, where 
this is wanting, there ſhould happen a kind of 
Struggle between the groſſer Fluids, endeayouring, 
by their greater Gravity, to iſſue forth, and the 
Air, by its Repreſſure, endeayouring to prevent it; 
whence ſuch convulſive Motions, in the Body of 
Liquors, are produced, as often raiſe their Bottom 
and make them foul. To prevent which Incon- 
venience, the Antigugler was invented, which is 
no more than a crooked Tube of Metal, ſo be 
as cafily to be introduced into the-Nefk of mol 
Bottles. Its Form is repreſented; Plate 6. Hg. . 


Ix order to uſe this Inſtrument with-Siiceels, 
incline the Bottle, to be decanted a little, to one 
dide, Let a ſmall Quantity of the Liquor, half a 
Spoonfulperhaps, gently run off; to anſwer which, an 
adequate Quantity of Air, will enter, and take 
Poſt in the upper Part of the Bole. With — 

Ofe- 
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Fore- finger then, in the Ring C, and your Thun 
held cloie on the End of the. Pipe A, thruſt the Ma. 
chine, thro the Body of the Liquor, till the End 
B, reaches the Bubble of Air, before admitted. 
In doing whereof, the Liquor will not enter, to 
obſtruct the Paſſage of the Tube, being kept out 
by the Air incloſed and ftop'd therein. This 
done, take off your Thumb, and an immediate 
Vent will be given to your Bottle; the -Liquor 
will then flow out ſteadily and unconyulled, 
with much leſs Trouble than by the Syphon, and 
to equal Advantage: Since a Current of Air, equal 
both in Weight and Quantity, to the Liquor de- 
canted, by the Neck of the Bottle, will ſucceſſively 


enter the Pipe, to maintain a juſt and peaceſul . 
en between them. 


Rs 2 N 7 293 8 82. n 2 . @ 
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On NY Flux of FLuips, in · 4 
era. both confined and 4 EE 


HE N Water is at Liberty, to floy 
from the Surface of a Pool, or any 
& other Head, thro' a Hole, an Inch 
Square, kept Juſt fall, Monſieur Mar- 
ri0te, Who has been very exact in'this 
Kind of Experiments, informs us, that 30 cubick 
Paris Feet and a half, will be thereby diſcharged 
in an Hours Time. That thro a Hole 2 Inches 
below the Surface, and 1 Inch broad, 81 cubick 
F ect will pals unforced. By one of like Breadth, 
4 Inc hes 
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4 Inches deep, 222 cubick Feet and above half, 
will run off. By another of 8 Inches deep, that 
583 cubick Feet, and near a half, will be diſ- 


-nd ACA nd near a half, v 

ed WM charged, Sc. Quantities by no means, in any regu- 
to lar Proportion. And from the ſame Author we 
out learn, that a Channel 18 Inches deep, and x 
'his broad? will yield near 1966 cubick Feet, almoſt 


3 times as much as does one, but 9 Inches deep, 


and 64 times the Quantity given, by a Hole one 
Inch ſquare, in the A 
wal WHENCE it appears, that the Weight and 
de. Preſſure of the incumbent Fluid above, augments the 
ch Efflux of Water below, and continues progreſſive- 


y todo bo, the deeper we go. And ſince this is the 
Caſe, where every Part of the confluent Pillar 
hath Liberty and free Scope, to follow the Laws 
of Gravitation, it may well be expected, that 
when a Head of Water is kept up and confined, 
all the collateral Columns whereof are known 
to preſs equally, according to their common 
Height, ſhould it be opened in divers Places be- 
low the Surface, the Expence of Water at each, 
would be very different, thro' Appertures, or Holes 
of the ſame Diameter. And this Expence is always 
found to be in a ſubduplicate Proportion, to their 
Diſtances from the Surface. That is to ſay, the 
Hole that is 4 Foot below the Surface, ſhall yield 
twice the Water, in the ſame Time, as will the 
lame Opening at 1 Foot. One at 9 Foot, ſhall 


ick 
red bive 3 times the Water of the firſt: And at 16 
hes Feet deep, the fame ſhall ſupply 4, and at 25 
ick Feet, 5 times the Water in any given Time, that 
th may be had from a Hole made but one Foot, 


G beneath 
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beneath the Surface of the Head, and the contrary; 
inverting the Propoſition. For Inſtance: I find 
that in one Part of the Service, B reccives 3 times 
the Water, that A does in this, thro' Pipes of 
equal Bore, in equal Times ; it follows then, that 
he lies 9 times lower, with reſpect to the Reſer- 
voir, than A; and fo of any other Proportion. 


THE Quantity of Water each may expect to 
receive, may be determined ſufficiently near, from 
the ſaid Monſ. Marriote's Experiments, who 
found; thatthe Expence of Water, iſſuing horizon- 
tally, thro' a quarter of an Inch Bore, 13 Foot be- 
neath the Head (Paris Meaſure) yielded juſt 14 
Paris Pints in a Minute. On this Principle, 
the following Table is calculated, and will be of 
Uſe, to aſcertain the Expence of Water, made 
thro' vertical Appertures, in any Service, not 
above fourſcore Foot beneath the Reſeryoir : Re- 
membring only, that the Proportion of the Paris 
is to the, Eugliſh Foot, as 16 to 15 nearly; and 
that the French Pint is in Content, a very ſmall 
Matter bigger than our Quart, for which, proper 
Allowances are to be made, in Calculations of 


this Kind. 


NATUR 
AL. 
* 


| 
"The TABLE. | : 


f 
t Paris get * Pavis Plus: 
- O2 : | Paris Beet: - * 1 
1 32325 3 8 Paris Pint. 
1 8829 (1565 15,5316 
0 2 3 5 8 15 31 
n 2:4. Sa 27; I (Cools 
0 35 6,1380 | 172 | $0,009 
* 6 6,7255 8 16 433 
e yy 772642 15; | 8 
4 41 a | 6 
0 5 8,2368 192 LET 
il © 7 „ 17385 
le 2 951061 21 + 17 48 
ol 62 7 or 10 — pits 7 22 
1 PN 4 9 b: 1 
's = 9 24 | 18, 6217 
nd 8 10,6337 7 hy + 19,0220 
ll gu 10,9824 1 
N 11 | 19%. 3 19,7 986 
er 320 
5 2 28 h0,176 
of % 11,6486 A 2 
10 1159679 39-..4 8 19494 
103 12,2770 30 Do 
5 12,5820 8 3155 
1 12,8780 32 2 190 
8 13,1675 33 | 21,9648 
I 21 | . 13,4510 34 + 93080 
1 13,7280 35 at 
3 b 22 
132 | 14,0000 | 36 2 2715 
a | 14 14,2065 11 Kx."4 . Ty 72 
r 117 22 
15 |. 14,7856 39 2393.30 
151 15,0383 42 : 2412486 
: 15,2865 41 +334 
| _—_— 
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Root of their Product, 
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Paris Feet. Paris Pints. | Paris Feet. Paris Pints. 
43 "25,4618 || 62 30,5739 
44 | 2597560 || 63 | 30,8196 
45 ＋ 2360472" |} -64-J- 31,0652 :- 
46. 26, 3350 || 65 | 31,3048 
47 | 26,6198 || 66 [( 31,5448 
48 26,9020 [ 67 [ 31,7829 
49 [ 2, 1803 [ 68 32,0132 
50 | 27,4560 || 69 | 32,2537 
$i: 3 $7093.41} 20 + 32,4866 
52 | 28,0000 71 32,7179 
53 | 28,2679 [72 | 32,9474 
54 7 1 33,1754 
55 77992 74 335401 
56 | 29,0568 || 75 33,6268 
57 7}. $9j3r52 76 33,82 
38 | 265712 || 77 | 34072 
59 | 29,8445 || 78 ][ 34,2988 
60 J 30,0766 || 79 34,51 9 
61 30,326 3 | 80 34,7296 


Tn E juſt Expence of Water, "i a greater ot 
a lets Depth, at any Time, may generally be Wund 
by ſaying. 
As 13 Paris Feet, the Height of the Reſeryoi 
on which the Experiment was made, 
Is to 14 Paris Pints ; the Quantity in a Minute 
yielded, by a quarter of an Inch Bore : 
So is the geometric Mean, between the aid 
13 Foot, and the Depth propoſed ; or the Square 


To the Expence of Water, i in like Time, iſſuing, 
thro" an equal Bore, at he Depth required. 


Tur 
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Tx x Proportion of Water, that may be ſup⸗ 
ly'd, in like Circumftances, at any Depth, be- 
= the Head, being thus aſcertained, the Quan- 
tity to be r there for Service, will next 
depend on the Bigneſs of the Bore, or the Section 
of the TP leading from the Main, 


on the SIZE of PIPES of CONDUCT. 


* 8. HE Capacities of Circles are always in 
Proportion to the Squares of their Dia- 
13 meters: So that if a certain Quantity 
of Water be ſupplied by a Bore a 
quarter of an Inch in Diameter, in 
any Place, by one of half an Inch 4 times, and by 
one of an Inch, 16 times, the Water vill, in the 
lame time, be admitted. | 


A ND to find in general, what tis Size of Cylen- 
dric Pipes, to ſupply Water on the {ame Level, in 
any given Proportion, onght to be, uſe this A. 
nalogy. 

As the Quantity of Water, ſupply'd E 
Pipe, of any certain Bore, in a given Time, 

Is to the Square of the Diameter thereof; 

So is the Quantity of Water, i in an wochen Time, 
required, 

To 1 Square of the Diameter, of the Borg 
of the 858 fought, in a direct Perun 8 


1 


6 3 Tave 
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Tus; Suppoſe I have a Water-pipe, two 
Inches in the Bore, which ſupplies my Ciſtem 
in an Hour and a half, but wanting this to be 
done in half the Time, I would know, what 
the Bore of the Pipe, for this Purpoſe, ought to be. 
J then fay: As 90 Minutes, is to 4, the Square of 
2: So is 45 Minutes, half the Time, to the Square 
Root of 8, or 2, 828 Inches, the Diameter of the 
Pipe required, in a reciprocal Proportion. And by 
the ſame Rule, a Pipe 3, 464 Inches in Diatffeter, 
u ill do the like Service, in a Third of the Time, 
or 30 Minutes. | $8} 


Bor theſe Rules, may be confirmed by 
Experiment. The firſt, by making Holes of the 
fame Diameter, in any perpendicular Pipe, kept 
always full of Water. The firſt ſay, at 3 Inches be- 
neath the Surface, the ſecond at 12, the third at 
27, the fourth at 48 Inches, Sc. and 'twill be 
found, that double the Water will be yielded by 
the ſecond, as will iſſue by the firſt, in equal Times, 
thrice the Water by the third; and by the fourth, 
double the Water of the ſecond, Sc. 


Av to prove, that by an Opening of twice the 
Diameter, four times the Diſcharge will be made, 
at e ſame Leyel; in any Part of the Tree, 
make Openings, or for greater Exactneſs, have 
Slip-pipes, bor'd well in that, or any other Pro- 
Pam thruſt into the Holes. Let theſe be 
op'd and unſtop'd at the fame Inſtant, and the 
Meaſure oi the Water iſſuing, will clearly demon- 
ſtrate them to be in Proportion, as the Squares 

of their Diameters, if nothing obſtruct. 
On 


” 


= > 030 


= © 


* 
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commonly proceed from the Friction 
of the Fluid with the Pipes of Con- 
veyance, and other Parts of the Ap- 

* paratus, either from an undue Con- 
finement, or from Flexure, by a Change of the Line 
of its natural Direction, to another, by too acute 
an Angle. 


SINE the Circumferences of Circles are in a 
direct Proportion, to their Diameters, the larger the 
Pipe of Conduct is, the leſs will the Friction always 
be. For Inſtance; The Circumference of a Circle, 
whoſe Diameter is 2, is no more than twice as 
great as that, whoſe Diameter is but 1; and its 
Surface being only double, there can be no more 
than twice the Friction of Parts from this, as there 
is from that; provided the Fluid move in both, wit 
equal Degrees of Velocity : Whereas the Areas 
or Sections of circular Pipes, are in a duplicate Pro- 
portion, or directly as, the Squares of their Dia- 
meters. The Pipe the, which has 2 for its Dia- 
meter, has 4 for its Area, and conſequently, with 
only double the Friction of the Pipe, whole Dia- 
meter is 1, diſcharges 4 Times the Water, in e- 
qual Times. | 


G 4 THAT 
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THAT there is a Diſadvantage attending the 
Change of the Direction of a Fluid, appears from 
Experiment: Since it has been found on Trial, 
that if 15 Pints run from a Hole, made in the Bot- 
tom of a Veſſel full of Water, in a given Time, 
there will iſſue but 14, thro' an Opening of the 
ſame Size, and in the ſame Level, ſpouting ho- 
rizontally, when the Work was, done with the 
moſt Judgment, and the leaſt Friction that could 
be. This Check proceeds, no Doubt, from changing 
the Direction, from the perpendicular Line of 
Gravitation, to another at right Angles with it, 
thereby producing Reflections of the Fluid, from 
Side to Side of the Bend, which muſt needs prove 
a great Hindrance to the iſſuing Stream. W here- 
as, ſhould a Length of Pipe have been fixed to 
the Bottom Hole, the Efflux of the Water there- 
by, would be ſtill greatly augmented ; becauſe 
the longer a heavy Body continues to fall, the 
greater is its Acceleration downward. _ 


Mr. Marriotte found, upon repeated Tr yals, 
that a cubick Foot of Water, would run off, thro' 


a Pipe of an Inch Bore and 6 Foot long, in 37 Se- 


conds. Thro' a Pipe of equal Bore, and but 3 
Foot long, it was diſcharged in 45 Seconds, and 
by the Hole only, without any Pipe at all, in 
95 Seconds ; whence it appears, that a Length 


of Pipe added, greatly promotes the Acceleration 


of a falling F luid, 
A c- 
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0n the AC CELE RATION. of FAI. 
LING BODIES, by GRAVITY. © 


HE Acceleration of Bodies, falling 
iin Vacuo, may be rightly repreſented 
k by the odd Numbers, as they pro- 
FS)  greflively riſe. If in the firſt Second 


4 
— 


any Reſiſtance of the Medium, thro' which it 
ought to paſs, will deſcend with the Velocity of 
about one Rod ; during the Space of the 2d Second, 
'twill fall with the Velocity of 3: So that, at the 
End of the ſecond Space of Time, it will be got 
downwards, in all 4 Rods. By help of this Ac- 
celeration, continually promoted by the Power of 
Gravity, or Attraction toward the Earth, during the 
3d Second, *twill fall with the Velocity of 5 
Rods; during the 4th with 7; the 5th with 9, 
and ſo on progreſſively, till it reach the Center of 
— which with us, is -the Center of the 

_— I 73088 : $4 


Tu E Action of Gravity, on falling Bodies, is 
eaſier to conceive by Reflection, than to illuſtrate 
by Words : Becauſe we want Images, where with 
the progreſſive Action of it can be well compared. 
Let us however, ſuppoſe a Body, like a Tennis- 
Ball, without Weight, and therefore not ſubject 
to the Law of Gravitation, Such a Body put in 

f Motion 
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Motion, and meeting with no Impediment, 
will move, as all Matter inclines to do, in a 
ſtreight Line, according to the Direction given it. 
Let us then ſuppoſe a Number of Men ſtand. 
ing, a Rod aſunder, in a Row, with Rackets in 
theft Hands. Let the firſt ſtrike this Ball, giving 
it one Degree of Motion, 'twill therewith proceed 
on to the ſecond. Let him alſo give it a Stroke, 
?twill: then go on, with 2 Degrees of Motion, to 
the third, who ſtriking it allo, will ſend it for- 
ward, with 3 Degrees of Motion to the fourth, 
who communicates another Degree of Metion to 
it; and ſo forward. Or, which is the ſame thing 
in Effect, let one Man give it a Blow, then fol- 
low and ſtrike it ſucceſſively, at the End of every 
Rod. Tis certain the more Impulſions are given, 
by the Strokes of tlie Rackets, the greater will 
the Acceleration be; and a Body, having no 
Weight, will in this Circumſtance thus proceed. 


Nov it cannot be ſuppoſed, that Gravity 
acts, as the Caſe is here put, by Fits and Starts; 
but inceſſantly, and at every Inſtant, from the Be- 
ginning to the End of the Fall. Let us then 
tuppole Gravity, or Weight, given to our Ball, 
and that it is either Iron or Lead, and drop4 
from ſome Eminence. If at the End of the firſt 
Second of Time; when tt has acquired the Velocity 
of one Rod, it ſhould loſe its Gravity, and ceale 
to be heavy, it would thence forward, meeting 
with no Impediment, proceed forward, with the 
Velocity of 1. But as that cannot happen, and 
as the Impulſe of Gravity is continually acting 
thereon, it not only will, in the ad Second, gon 

ower 
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Power, to go one Rod onward, as at firſt ; but alſo 
acquire an additional Force, precipitating it ſtill 
onwards a Rod, As if the Racket ſhould not only 
ſtrike it, at the Beginning of the ad Space of Time, 
but ſhould make thereon a kind of a ſnoving Stroke; 
ſo as to ſend it on thenceforward with the Force of 
3. At Beginning of the zd Second, let us imagine 
it to receive a new Impulſe, and Gravity, in the 
Interval, {till acting, brings it to the 4th Second, 
with the Velocity of 5. In this Manner, an ad- 
ditional Impulie being obtained, by the Weight 
ſtill drawing, twill, every ſucceeding Second, be 
accelerated, by the Force of 2 progreſſively; 
which makes the Intimations of the Velocity, by 
falling Bodies acquired, always to run in the Ratio 


of the odd Numbers, vg. 1, 3, 5, 7, 9, 11, 13, 


15, 17, 19, 21, Ge. 4 IHE 


HowzE v ER difficult it is, todeſcribe the Action 


of Gravity, on falling Bodies, in Words, tis cer- 


tain, that in Practice, and on Experiment, the 
aboveſaid Rule is found true: The Space paſſed 
thro' by falling Bodies, where no Obſtruction is, 
being always in Proportion to the Squares of the 
Times, during their Deſcent. For Example, 1 
Rod, paſs'd by a heavy Body, in the firſt Second 
of Time, with 3 Rods, paſs'd in the 2d Second, 
make 4 Rods, equal to the Square of the Time, or 
2 Seconds. Again, this 4, addcd to the 5 Rods, 
paſſed thro' in the zd Second, make 9, equal to 
the Square of 3. And 9, added to 7 Rods, paſ- 
ied in the 4th Second of Time, make 16, equal 
to the Square of 4 To this add 9 Rods, gone 

thro 
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thro' in the th Second, and 'twill make 25, equal 
to the Square of 5, Sc. 


To meaſure therefore any Depth, 'twill be x 
very good Way, to count the Seconds, a heayy 
Body, or one not ſenſibly affected by the Re. 
ſiſtance of the Air, is falling; and the Square of 
thoſe Seconds, multiplicd by the known Fall of 
a heavy Body in one, will give the Anſwer in 
Feet, ſufficiently near. For as 1, the Square of 1 Se- 
cond is to 16 Foot, the Deſcent in that Second; 80 
is the Square of any other Number of Seconds, to 
the Space, by a heavy Body, fallen thro', in that 
Time. For Inſtance ; I find by all Circumſtan- 
ces, that a Stone falls plumb into Water, 7 Se- 
conds after twas delivered from the Hand: Twill 
then be 49 times 16, or 784 Foot, to the Water, 
We ought, indeed, to allow about 968 Foot in a 
Second, for the Return of Sound to the Ear, if it 
cannot be ſeen to plange: But if that be done, 
ſuch Allewance is not neceſſary ; ſince the Pro- 
greſſion of Rays of Light is infinitely ſwifter, than 
that of Sounds. 9 | 


AND on the contrary ; if the Height be 
known, by the fame Rule may be determined, 
in what Time a heavy Body, let fall from the 
Top, will reach the Baſe. Let us for an Ex- 
ample, take Salisbury Steeple, ſaid to be 400 
Foot high. As 16 Foot, the Space paſs'd in 
1 Second of Time, is to the Square thereof, or 1: 
So are 400 Foot, the given Space, to 25, the 
Square of 5 Seconds, or the Time in which, this 
Experiment would be made, 

AND 
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And to diſcover what Space, a falling Body 
may have paſs d thro', in any one particular Se- 
cond of 'Time, during its Fall; for Example, in 
the 12th after the Delivery, the Difference be- 


tween 144, the Square of the 12th, and 121 the 


Square of the 11th Second, the Time under Con- 
ideration, will determine it exactly to be 23 Rods 


AN Idea of this Matter, may alto be pretty 
well had, from '' Galileo's Method, delineated 
Fig. 6. Plate 6. wherein the Intervals, or-Times 
of the Body's Fall, repreſented by the equal Parts 
A, B, C, D, E, in the Line AE, the Velocities 
wherewith they fall, are denoted by the equal Lines, 
BF, CG, DH and EI, at right Angles there- 
with ; and the Area of the triangular Spaces, all 
ſimilar and equal, point out directly the Quan- 
tity of the Fall, or the Acceleration of the Body, 
in any rticular Space of Time. For Inſtance 
in the firſt Second, AB repreſenting the Time, 
FB the Velocity, ariſing from Gravity ; the Tri- 
angle AB F compleated, will denote the Space 
gone thro', in that Time, or 1 Rod. If the 
Time be doubled as AC, the Velocity will alſo 
be doubled, and then repreſented by CG. Com- 
pleat the Triang le ACG, and the firſt Space 
ABF, will be Wund 4 Times contained therein. 
If the Time be tripled, the Velocity will ſtill bear 
the ſame Proportion, and then the Space, paſs'd 
thro, will be repreſented by the whole Triangle 


ADH, containing 9 Spaces or Rods, and ſo ny 


to the 4th Second, 1 forward. 


SINCE 


| 
| 


. SINCE falling Bodies are in this Manner ac. 
celerated, it may ſeem difficult, perhaps, to con- 
ceive, how a perpendicular Pipe, fix d at Bottom 
of a Veſſel of Water, ſhould continue, during the 
Efflux, always full; which ſtrictly ſpea king, ought 
not to be ſo, on Account of this Acceleration, which 
ought to cauſe the Water to run out of the Pig 
faſter, than it really could come in; whence it 
might be apprehended, that in Time, the Pipe 
might be empty before the Water was all out of the 
Veſjel. To which we reply, that tho' all Bodies are, 
by Gravity, accelerated in their Fall, in the Pro- 
portion. of the odd Numbers already mentioned, and 
muſt allow, that if two heavy Bodies, A and B, be 
let fall, one Second after another, the firſt would get 
a Head of the other, nor would they keep at an 
equal Diftance, during their Deſcent. For if, at 
the End of one Second, after Ais let go, B ſhould 
be delivered, the firſt will be proceeding at the 
Rate of z, while the other is getting on but at 
the Rate of 1. During the zd Second, A will 
be by Gravity: urged on with the Force of 5 
while B can have obtained the Celerity but of ;. 
So that if at the End of the firſt Second, they 
were but a Rod a-ſunder, at the End of the ſecond, 
they would be 3 Rods a-part; 5 at the End of 
the third, 7 at the End of the fourth, and ſo 
forward progreſſively. Yet it ought, to. be 
conſider d, that the Water, in our perpendicu- 
lar Pipe, does not run into, and out of it, ſuc- 
ceſively by Starts, but evenly and continually. 
And tho' by the Acceleration of falling Bo- 
dies, their Velocity does increaſe, on which Ac- 

count 
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count the Water, in its Progreſs thro' the 
Pipe, (was the Reſiſtance of the Air, and e- 
yery other Impediment away) might be allow d, to 
be + {mall matter rarify'd : Yet as the Particles 
of Water, contained in the deſcending Pillar, ſet 
forward one after another, in Spaces of Time in- 
finitely ſhort, and adhere pretty well together, 
they appear as to Senſe, to make an even Stream, 
and full in every Part. Tis therefore impoſſible, 
that ſo long as there is Water in the Veſſel, for 
a Supply, ſuch Pipe ſhould become void of Water; 
nor is the Objection any Thigg, but a Nicety. 


Ir may, however, be remarked; that when 
the Preſſure of the Fluid, above the Hole of 
the Pipe, is ſo far abated, as not wholly to fill 
it, the Evacuation will then be continued in 
a ſpiral Figure. The like happens, on pulling 
up the Plug of a Ciſtern; when the Water is 
almoſt run off, being reſiſted by the Air beneath, 
it falls, of itſelf, into a Screw-like Motion, 
leaving a Hollow in the middle, round which it 
ſeems to twiſt it ſelf forward, Nor is it unlikely, 
but that the whole Column of Water, in its Pro- 


greſs thro' the Pipe, even when full, may naturally 


incline always to move in this Manner, the bet- 
ter to overcome the Friction of the Fluid, againſt 
the Sides. And a very great Diſpoſition to this 
kind of Motion, may be obſerved, by the Steam, 
as often as Liquors are poured leiſurely, from one 
Veſſel to another, | | 
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oO the Power of Gravity, attraRing 
8 29 heavy Bodies downward, in Combi- 
20 2 nation with the impellent Force, by 
712 8 which they are obliged to follow a 

different Direction, it is owing, that 
Fluids, in the Way of Jet d eaux, and indeed allo- 
ther Projectiles, move in the parabolic Curve, which 
a Spout of Water will at any Time deſcribe, if the 
Jet have any Degree of Elevation, by projecting a 
perfect Parabola ; and if it be made horizontally, 
only a Semi-parabola. The Figure of the one is 


ve: 2 * # 


exhibited, Fig. 7. and that of the other Fig. 8. 


Plate 6. The Reaſon, why projected Bodies 
move always in that Manner, comes next under 
Conſideration. | CVVT 


"Tis a famous Propoſition in Mechanicks; 
That when a Body is impelled by two different 
Forces, not directly in the ſame Line, that it will 
not proceed ſtrictly in either of their Directions; 
but ſomewhere between both, viz. in the Diago- 
nal of a Parallelogram, compounded of both. For 
Inftance : Let a heavy ſpherical Body at 4, 


Fig. 9. Plate 6. be ſtruck with a Spring, - 
1 oe 
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receive ſome other impulſive : Force, in the Di- 
retion' A B, it would thereupon incline to move 


from A to B; or let a like Impulſe be given it, 


along the Line AC, the ſame thing will happen: 


But let both Springs ſtrike it together, and give 
it different Directions as before, it will then roll 
abſolutely in neither, but along the Diagonal 
Line A D, intimating to us, what the certain Di- 
reion. of that Force is, which is thus compounded 
of the other two. 


To prove this by Experiment : Take a Ball ; 
faſten to it two Threads. In. a Table bore two 
Holes, as in the Diagram, at C and B, thro' which 
put the Ends of the Threads, to which let equal 
Weights be hung. If either of theſe be fuffered 


to draw fingly, no Doubt our Ball will follow in 
either Direction indifferently from A. But let them 
both act thereon together, it will then make the 


beſt of its Way from A towards D. 


Lr then the impulſive Forces be put une- 
qual, the like will happen, and the Diagonal 
of a Parallelogram, whole contiguous and oppo- 


lite Sides are proportionable to the different 


Weights at Bottom apply'd, will always be 
the Path or Line of Direction, in which the 
Body, thus impelled, will moye. For Inſtance ; 
let the Force A B continue the ſame as before, 
but diminiſh that of AC, one half. The Line, de- 
noting the new Force, muſt be diminiſhed in the 
lame Proportion, and the Parallelogram then con- 
ſtructed on the Lines AB and AE, the half of AC, 
the Diagonal whereof will — the Line A F. Bring 

then 
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then the Ball again to A, and ſuffer theſe two 
Forces to act thereon together, you'll find, the 
Ball will move along the Diagonal of this new Pa- 
rallelogram, as before it did, along that of the o- 
ther, 5 1. © | 


T x 18s holds univerſally true, and may there- 
fore properly be applied, in accounting for the 
Movement of Spouts of Water, and all other pro- 
jected Bodies, in the Direction of the Parabola; which 
is always generated between that Force, by which 
the Body is impelled forward, continually decrea- 
ling, and the Power of Gravitation, continually in- 
creaſing. | 


Fo Inftance : Suppoſe a Cannon, planted at 
Top of the Pike of Teneriff, or any other ſha 

Hill, with a ſmall Charge of Powder, was to diſ- 
charge a Bullet horizontally, which, had it no 
Gravitation towards the Earth, or was it without 
Weight, would fly off, as all Matter inclines to 
do, having a centrifugal Direction, or one diffe- 
rent from that of Gravity given it, in a Tangent 
Line to the Earth; juſt as does a Stone from 
the Circle, wherein tis whirl'd about by the 
Sling. And was the Reſiſtance of the Air, and 
all Mediums remov'd, it would always maintain 
the ſame Velocity, with which it left the 
Muzzle of the Piece. But as neither of theſe 
can happen, in the preſent State of Things, let 
us conſider what muſt follow. Firſt, the Re. 
ſiſtance of the Medium, thro' which the Ball 
fles, will every Moment obſtruct, and at length 
come equal to the Impulic, by the Powder gr 
yen 
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yet; which will reduve it in Time, to a State of 
perfect Reſt. Secondly, the Power of Gravity, 
cohtinually acting thereon, will conſpire, at the 
fame Time, to bring it out of the Line of the Fire, 
and cauſe it to tend downward, in the Proportion 
of the Acceleration of falling Bodies, already 
mentioned, 


Lr us ſuppoſe, in the firſt Second, when the 
Impulſe is ſtrongeſt, the Bullet will paſs forward, 
at the rate of 16 Red, Gravity, as ſoon as the 
Exploſion is made, puts in its Claim, and tho! 
it be then but weak, and the other ſtrong, yet | 
will be able to bring it down toward -the Earth 
t Rod; or in Fig. 7. Plate 6. from A to B. | 
During the next Second, ſuppoſe it retarded ſomes f 
thing, by beating thro' ſo much Air, ſo that it | 
can get forward, in this Second, but at the rate | 
of 9 Rod. Gravity, never ſilent, but always ga» 
thering Strength, will bring it downward, that 
while, with the Velocity of 3: Of conſequence 
therefore, *twill move along the Diagonal of the 
two acting Fotces, as in the Draught, from B to 
C. The third Second, twill proceed onward, be- 

ing ſtill retarded as before, with the Velocity of 

$ Rod. Gravity by that Time, demands a De- 
ſcent of 5 Rods; ſo that the Place of the Pro- 
jectile, will then be found at D. The following „ 
Second, for the ſame Reaſon, it gets on at the K 
rate of 7 Rod, perhaps; Gravity, in the mean | 
Time, calling for a Deſcent of 7 Rod: The Ball's 
Place will then beat E. The fifth Second, *twill 
keep on at the rate of 6 Rod; Gravity thar 
while puts in for 9, and the Ball moving along 
| H 2 the 
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the Diagonal of a Parallelogram, whoſe Sides are 
proportionable to the Strength of the two For- 
ces, at that Time, will bring it as far as F. And 
thus one of them gaining, and the other loſing 
Power, continually, it will reach perhaps, the 
Earth, having deſcribed a Semi-parabola. 


+. ah. 


THe Repreſentation of the Parabola, in all its 
Varieties, may by a Jet of Water, receiving the 
different Degrees of Inclination, contained in a 
Quarter=circle, be at any Time obſerved. And 
here it may be remarked, that the utmoſt Range, 
or the greateſt Projection poſſible to be made of 
a Ball, is, when the Mounture of the Tube, or 
Piece, is about 45 Degrees, or elevated the half 
of a Right-angle above the Horizon, as in Fig. 8. 
Plate 6. Wherein the greateſt Diſtance, a Bomb 
can be thrown to, from the Mortar at C, is ſup- 
poſed to be repreſented, in that Degree of Eleva- 
tion. Whereas ſhould it be raiſed above that Angle, 
for Inſtance, to 50 Degrees, it will not throw it near 
ſo far, and ſhould it be lowered as much, or to 40 
Degrees, the Conſequence will be the ſame. And 
thus, by two very different Inclinations of the 
projecting Tube, a Projectile may be made to fall on 
the lame {pot of Ground; traverſing however, very 
different Tracks of Air, to get thither. The Re- 
ſiſtance of which Fluid comes next to be conſidered, 
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On the Resrstatics of vow. to 
BODIES moving therein, 5 


a HERE are two Kinds of Reſiſtance 
ES 2 in Fluids; the one is from the Viſci- 
py 1 dity, Tenacity or Coheſion of their 
Parts, the other from the InaQtivity, 
or what Sir Iſaac Newton calls, the 
vi is Hertiæ of Matter. 1 
Tx x Reſiftance of the latter; l tor Force, by 
which every Body endeavours to continue in the 
State tis in, whether of Reſt or Motion: That 
of the former is a Reſiſtance, produced over and 
above that of the Vis Inertie, by the Spiſſitude 
or Viſcidity of ſome Fluids. For Example, Was 
a Body drop d into melted Honey, ſuppoſing the 
Honey, in that Circumſtance, to be a perfect E lud, 
the Reſiſtance it meets with, when moved there 
in, will be according to the Vis Inertie only + 
But when the Parts of the Honey, by cooling 
become ſtiff, the Difference of the two Reſiſtances, 
will then be, that of the Tenacity. 17 
TRE Vis Ranis; is no where more onfpt⸗ 
cuous, than in the ſudden Motion of a Veſſel full 
of Water, along a Plane, when the Liquor, at 
firſt, ſeems to moye with a Direction, contrary 
H 3 to 
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to that of the Veſſel ; for riſing againſt the hin- 
der Side, it will flaſh oyer. Not that there is 
really any ſuch Motion impreſs'd on the Liquor; 
but that, by the Vis Inerize of Matter, the Wa- 
ter, endeavouring to continue in a State of Reſt, 
the Veſſel cannot, in an Inſtant, communicate itz 
Motion to it; fince tis not a conſiſtent, or a fixed 
Body, like irſelf; but a Fluid: The Liquor 
therefore perſe veres, for a ſmall Time, in its firſt 
State of fe ſt, while the Veſſel makes forward, 
and { ſeems to move a coptrary Way, But when 
the Liquor has the Motion of the Vefſel, fully com- 
mynicateq to it, and begins 49 _ with a [Velo 
city equal to t 1 the- Veſſel, they proeced 
quietly together: t then, if the Veſſel be tude 
denly ſtop'd, the Liquor, endeavouring to continue 
Y 1 Vell will daſh Wein, aer the other Hide 
o 8 5 


Ws 115 paſlive Principle, of ene is . 
tial to Matter; becaaſe it can no how be de- 
prived of it. It can neither be ſuſpended in it, 

nor abated ; but is always proportionable to the 
Nenfiry of Bodics, or the Quantity of Mattgr They 
dec wen contain. 


Ta Ek Reſiſtance of the Tenacity, i in | Flyids, f 1s 
direttly according. to the Degree of Motion, in the 
moving Body oply ; becauſe the Viſcidity of the 
Matter, will be barel ſcparated, to make Way 


fox the Motion. ,; And this yielding of the Parts, 


is always the lame, whether the Motion be ſWiſter 
or ſlower : Whereas, the Reſiſtance of the Vis 


Jnertiæ is always, as the Squares of the Vela 
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of the moving Body: That is, ſuppoſe one Body, 
moves with 3 Degrees of Velocity, and another 
but with 2; the different Reſiſtances they will 
meet with, in that Caſe, will not be as 3 to 2, as 
in that of the Tenacity ; but as 9 to 4 Or, a- 
gain, Suppole a Body to. move firſt with 1, and 
then with 2 Degrees of Motion, the Difference 
will there be, as 1 to 4 Becauſe, the Body having 
got twice as much Motion, it muſt ſtrike twice 
as many Parts, and doing it with double the Ve- 
locity, muſt ſtrike them twice as hard. Juſt as 
if I ſhould give 105. to Day, to 10 Men, and 
to-morrow, ſhould give twice the Number of 
Shillings, to double the Number of Men. "Tis 
plain, my Diftrubition to-morrow, will be four 
times what it was to Day. 


Tunis again, may be demonſtrated, by Expe- 
riment, thus. Take 4 or more, ſmooth flat Bo- 
dies, ſuppoſe boxen Draught-men ; let theſe re- 
preſent as many Particles of any fluid Matter. 
Lay them on a ſmooth Surface, two and two a- 
breaſt, pretty cloſe together ; paſs any Thing 
that is ſmooth and hard, gently thro' them, they 
will be barely ſeparated, and puſhed fide- 
ways, to once the Breadth of the moving Bo- 
dy. Joyn them again, and go thro' them, with 
twice the former Velocity, they will not only be 


parted as before; but be ſtruck off laterally alſo, 
to twice the Breadth of the moving Body. In- 
creaſe the Velocity till, and the Parts thereby 
moyed and diſplaced, will evidently appear to be 
according to the Square of the Degrees of the Ce- 
lerity, wherewith this is done. 

H 4 Uran 
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Upon this Account, the Reſiſtance of Fluids, 
to moving Bodies, may on Oecaſions, be very con- 
ſiderable, and when the Velocity of the Projectile i 
very great, may even equal the Reſiſtance of a ſolid 
or fixed Body. For Inſtance; let a Cloth be ſpread 
a Yard under Water, with a moderate Charge of Pov. 
der, fire a Bullet at jt, twill pierce it probably: 
Whereas if you double the Charge, and repeat tlie 
Experiment, twill be beaten flat, and never reach 
. | „ 
Ix Vacuo, all Bodies fall equally faſt, a Cork 
for Inſtance and a Bullet, a Feather and a Piece 
of Gold. The true Quantity of this Fall, in the 


firſt Second after Delivery, is 16,1 Foot Eugliſu: 


However, in our former Calculations, the Word 
Rod is uſed, to prevent Confuſion from Broken 
Numbers. Was there a Medium for theſe Bodies 
to paſs thro, they would none of them fall 16 far, in 
the fame Time, and the leſs ponderous Bodies 
would be affected by its Reſiſtance moſt : So that 
the Cork might ſoon ceaſe to moye, with an ac- 
cclerate, and afterwards continue to fall with an 
equable Motion in the Air, which the Feather 
would likewiſe do, but much ſooner. 


TRR Reſiſtance of the ordinary Fluids, ſuch as 
the Air, Water and Mercury, is chiefly owing to 
that of their Vis Inertiæ, and very little to their 
Tenacity : So that the Denſity of Fluids being 
known, their Reſiſtance is eaſily calculated. Thus 
Water reſiſts about 850, and Mercury about 11900 
Times more than Air. And it has been found, 
by cauſing Pendulums to oſcillate, or ſwing : 

| = thoſe 
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thoſe Fluids, that the Motion, loſt by their Re- 
ſiſtance, was always proportionable to their Den- 
ities, or the Quantities of Matter, in them ſeve- 
rally contained. 


Fork the Confirmation hereof, we muſt refer 
to Sir Tſaac Newton's Experiments, who filling a 
Veſſel, of a confiderable Length, with Water, let tall 
in it ſpherical Bodies, of different ſpecifick Gravities, 
and then calculating, how far they would fall in 
that Medium, regarding its Denſity. only, and re- 
jecting the Tenacity, he found the Experiment 
anſwered 'to it. And in Company of the inge- 
nious Dr. Deſaguliers, he let fall Bodies of like 
Form, from the-upper Gallery of St. Pauls Cu- 
pula, 272 Feet. from the. Ground, and found the 
ſame Thing to happen in the Air. Whence it 
appears, that the Air has no Tenacity, and con- 
ſequently, that its Parts touch not each other. 
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Of JeT DEA ux. 
ay : E have ſeen that Fluids, led. in Pipes, 
TRE" will atways rite to the Level of the 
4 ꝗ— Referyorr, whence they are ſupplied ; 
the riſing Column being puſhed for- 


: ward, and raiſed by another equally 
heavy, endeavouring to deſcend. And a like Ef- 


| {c& might be expected from Jets of Water, thus 


impell'd, did not Friction againſt the Machines, 
| and 
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2 as the Head. 


WHERE Jets are executed 1 the beſt Man- 
ner, and the Friction ſpoken of, as much as poſ. 


The Motion of FLUIDS, 
— the Reſiſtance of the Air, both lateral and 
perpendicular, -prove an Abatement, and Prevent 


ſible removed, the Impediment of the Air, only 


thro which they muſt beat, will cauſe them, 
.according to Experiment, to fall ſhort of the 


Heights of their Reſervoirs, in the following Pro- 
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WHENCE in general, it may be obſeryed, 
that ſo often as a 5 Foot Jet, given as a Stan- 
dard, ſhall be contained in the Height of any Jet 
propoſed, by ſo many Inches, multiply'd into then 
{elyes or ſquared, the Surface of the Water, in 
the Reſervatory which ſupplics it, aught to ex- 
ceed the Jet in Height, Thus to obtain a Jet of 
30 Foot, which contains 5 Foot 6 times, the Re- 
ſecyoir ought to be 36 Inches or a Yard higher; 
and a Jet of 60 Foot, may be had from a Head, 
higher by 4 times that Difference, or 4 Yards. 
$0 that Jets fall ſhort.of the Heiglits of their Re- 
ſervatories, according to the ſubduplicate Ratio 
of the Heights, to which they riſe. of 


THX1s great Diſproportion in the Riſe of Jets 
may be awing to the two Cauſes already hintedat. 
Firſt, the Action of Gravity, continually acgclera- 
ting falling, and conſequently retarding riſing Bo- 
dies, in the {ame Proportion; it being reaſonable 
to expect, that the Vigour of the Riſe will be 
check'd, as much as the Defcent of the Fall can 
be promoted, by the Power of Gravitation. For 


which Reaſon a Bullet, fir'd perpendicularly up- 


ward, will probably give no harder a Blow, to an 
impeding Body, in its Progreſs from the Mouth 
af tho Piece, than it wonld do in the ſame Place 
and Plane, in its Return; and 'tis very likely, 
that the Riſe and Fall of ſuch a Body will be per- 
form d, in juſt the fame Space of Time. A ſecond 


| Cauſe of the diſproportionable Riſa of Jets is, the 


Quantity of Air, they are to move thro', which 
has 
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has been ſhewn to be, in Proportion to the Square, 
of their Celerities reſpectively. . 


T RIS Reſiſtance being ſo conſiderable; twil 
always be found neceſſary to increaſe the Bore of 
the Adjutage or Spouting- pipe, with the Height 
of the Reſervatory: For if it be too ſmall, the rj. 
ſing Stream will want Weight ſufficient, to cleaye 
the Air, which near the Earth, being the moſt 
denſe, a ſmall Stream of Water, endeavouring to 
mount, a great Height, will be daſhed againſt it, 
with ſo great Violence, as to fall away in a Miſt, 
and be loſt, For it may be obſerved, that. the 
weightier any Body is, the greater Force it will 
have, when in Motion. Since an Ounce Ball, fird 
from a Muſquet, will go farther, and do greater 
Execution, than will an equal Weight of Shot; and 
theſe again, will be projected farther than ſo much 
Lead, raſp'd into Powder and  fir'd off. And ac 
cordingly, ſhould a Barrel, or any Cask of Wa- 
ter, be pierced with Holes, 2, 4, 6, 8 and 12 
Lines over, all in-the fame Level, the largeſt 
Bores will always ſpout the fartheſt. Be 


Ix may be of Uſe here, to add Mr. Marriote's 
Proportions of the' Bores of the Adjutages, and 

Pipes of Conduct, who was very converſant in 

theſe Things, and hath written very well on this 
Subject. pig: 2k 

N. B. The French divide their Inch into 12 
egal Parts, which they call Lines. 


* 


| Heights 
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Herghts of Diameters of Diameter of the 
Re ervorrs. fit Aajutaget. Pipes of Con 4 ud. | 


5 Feet— 3, 4, 5 or 6 Lines. 22 Lines 


10— —4, 5, or 6———25 

15 or 6- 27 or 24 Inches. 
20— —6 or half an Inch 30 or 23. 

25— Ditto 33 or 24. 

30— Ditto 36 OT 3. 

4— 7 or 8 —— 351 Or 42. 

50— 8 or 10———— 65 or 52. 

60. —ͤ—10 OT 12 72 or 6. 
$———12 or 14. — 84 or 7. 
100————12, 14, or 15——96 or 8. 


HENek it may be remarked, that there is a 
certain Proportion to be obſeryed, between the 
Adjutage, whereby the Jet is delivered, and the 
Pipe conducting it thither, from the Head. About 
5 times the Diameter of the Adjutage, for Jets 
under half an Inch, and 6 or 7 times for all above, 
will ſize the Pipes of Conduct pretty well; not 
but 'twill always be an Error on the right Side, 
to have them rather larger than ſtrictly they 
ought to be, that the Jet may always be freely 
ſupplied with Water, and in Time. 


Fo a like Reaſon, if there be a Cock placed 
in any Part of the Pipe of Conduct, Care ſhould 
be taken, that it ſnould be ſo much bigger in 
Proportion there, that the Water-way may not 


be pinched ; but that the Cavity be left equal at 


leaſt, to the reſt of the Bore of the Pipe. 
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Tur Expence of Water made by Jets, mij 
be collected, from what was ſaid, under the Head 
of the Flux of ſtreaming Fluids, in a forme; 
Section. All neceſſary to be added thereto is; 
that if thro' any Hindrance, or Deficiency in the 
ConduQ-work, a Jet ſnould not happen riſe fo high 
as might be expected, from the Regulations thete 
laid down, the Expence of Water, on that Oces. 
fion, ought not to be computed from the Height 
of the Reiervatory ; but from the Riſe of the ſet, 
For Inſtance; Suppoſe a Reſervoir of 33 Fout, 
which ought to play a Jet of zo Foot, plays but 
one of 20, which a Reſervoir of 21 Foot 4 It 
ches, done in a good Manner, would alſo do. In 
this Caſe, regarding the Size of the Adjutage, the 
Expence of Water can poſſibly be no greater, 
than what a 20 Foot Jet might be expected to 
make; and what that is, from the foregoing Table, 
determining the Expence of Water, for particulat 
Services, Page 83, may by Inſpection be known, 


TAE Plate of an Adjutage cannot be too ſmooth, 
or, provided it be able to reſiſt the Weight of We- 
ter coming againſt it, too thin. Thoſe that are 
cylendrical are bad; thoſe that are bored conical 
much worſe; becauſe of the Reflections of the 
Water, which in the Hurry of the iſſaing Stream, 
will in them una voidably be made. ä 


To conclude this Subject, let us attend to the 
Conſtruction of a very pretty portable Fountain, 
that being once charged with Water, and in- 
verted, will play a Jet near as high as the Reſer- 

| voin, 
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voir, till the Fluid is exhauſted therefrom, and 
then turned up on the other End, the ſame Thing 
will happen, and a real Clepſydra, or Water-Clock, 
be thereby formed. C13 


Tx1s Device, repreſented Plate 7. Fig. 1. 
conſiſts of two hollow Veſlels, A and B, communi- 
cating with each other, only by the recury'd Tubes 
C and D, at the Ends of which, E and F, are 
placed ſmall Adjutages, to dire& the Jet. & and 
Hare two open Tubes, ſodder'd into the Bottom 
of the Baſons, belonging to A and B, thro' which 
the Water flows in, and fills them, to a certain 
Height, according to their Length. Theſe by 
their Diſpoſition, alſo prevent the Return of Wa- 
ter, the ſame way, when the Machine is turned 
up-fide down. 


on the SpECIFICK GRaviTY of 
| BODIES. 


Ag RISTOTLE's Notion of the E- 
EL, lements was, that the Earth and Wa- 
| A (= ter were poſitively heavy; Fire po- 

Lo ſitively light, and Air indifferent as 


2 
14822 


— 


"4 HS. 
* 


to either. His Followers therefore 
affirm, that the Aſcent of Bodies, is owing to 
their poſitive. Levity, that of Flame and Smoak, 


| for Inſtance. But in this they are miſtaken ; for 


Bodies are only relatiyely light or heavy, accord - 
| ing 
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ing as they are compared with others of a different 
Kind. So that Flame or Smoa k aſcend not, be. 
cauſe they are really light ; but becauſe they are 
buoyed up by the Air, which is more denſe, and 
in its Nature therefore heavier than they: For 
Flame in Vacuo will ſoon ſubſide, and Smoak, when 
the fuliginous Parts thereof become heavier than 
the Medium round them, will viſibly deſcend, 
Thus, Oil or Wine do not ſwim on Water, be. 
cauſe of their own Levity ; but becauſe Water is 
a heavier Fluid, and ſinks in them. In Air, moſt 
Bodies fink, becauſe it is very light; in Water not 
ſo many, it being far more denſe ; in Mer 
ſcarce any may be totally immers'd, from the 
like Cauſe. Nor is there any greater Reaſon, that 
Cork ſhould be termed light, becauſe 'twill ſwim 
in Water, than that Iron ſhould be eſteemed ſo, 
becauſe 'twill ſwim in Mercury. 


Inv general therefore, one Body is ſaid to be 
ſpecifically heavier, or denſer than another, when 
it contains more Matter, or a greater Degree of 
Weight, under the ſame, or an equal Bulk; or 
an equal Degree of Weight, in leſs Space or Com- 
paſs. For Inſtance; a cubick Inch of Gold 
weighs 10 Ounces Troy ; an equal Quantity, of 


Lead, hardly 6; of common Water ſomething 


better than half an Ounce : So that Gold is a- 


bout 19, and Lead about 11 times denſer, or ſpe- 
cifically heavier than Water ; and thus of any 


other. 


' Spxcirick Gravity, then is the appropri- 
ate, or the Grayity peculiar to any Body, ng 


- 
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by it may be diſtinguiſh'd from Bodies of a differ- 
ent Kind. Tis ſometimes, and not improperly, 
call'd Relative, or Comparative Gravity, to diſtin- 
guiſh it from Abſolute or Poſitive Gravity, which 
laft increaſes always, in Proportion to the Bulk of 
the Body weigh'd, directly, the other not. Abſo- 
lutely conſider d, a Pound of one Thing is as hea- 

as a Pound of another, without Regard to what 
their ſpecifick Gravity is: Thus, a Pound of Fea- 
thers, Cork, or Spunge, weigh as much as a Pound 
of Lead; but their relative Gravities, or Bulk for 
Bulk, they are very different. 


A Box ſpecifically heavier than a Fluid, will 
ſink therein; becauſe it weighs more than the Fluid, 
by it diſplaced, and whoſe Room it takes up: So 
that the imaginary Surface, immediately under the 
Body, being there more preſs'd, than by the Water, 
in any other Part, it therefore yields, and lets it 
thro. But a Body, ſpecifically lighter than a 
Fluid, will always riſe therein, becauſe it preſſes 
lefs on the imaginary Surface beneath it, than wou'd 
the Fluid, in whoſe Place it is ſubſtituted, 


Was there any Neceſſity of: proving this by 
Experiment, it might thus be done : Take a ſmall 
glaſs Bolt-head, which was it ſolid, and of a Lump, 
wou'd be near three times heavier than Water 
but being hollow, and full of Air only, 'twill 
emerge and ſwim. This may be fo nicely fill'd 
with Water, by the Stem, that at the Top of a 
Jar it may ſwim, in the Middle it may remain at 
| © poize, and put beyond that, it may fink. 
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T 11s will be brought about, by the Spring of 
the Air included therein, which, being compreſſi. 
ble, will either contract or dilate ſelf, ace 
to the Degree of Preſſure tis under. Toward the 
upper part of the Jar, twill be preſs d by little 
more than the Atmoſphere; toward the middle, by 
the Atmoſphere, and ſome Inches perhaps of Wa 
ter, and at the Bottom, by mare Water ſtill. In 
the firſt Caſe the Air in the Machine, cannot be 
ſo much preſsd, as in the fecond; in the ſecond, 
not ſo much as the laſt. Whence the Mouth of the 
Machine, being unſtop'd, as the Preſſure is increz 
ſed, more Water will be gradually thruſt into it, 
making the whole ſpecifically more heavy, and 6 
will produce the foremention'd Effect, which wil 
be viſible, tried on a Machine that is ſmall. 


Uron the ſame Principle it is, that Glab 
Images are made to riſe or fink in a long Jar d 
Water, at the Word of Command. Theſe have 
commonly a Hole left in their lower Parts; tho 
which, by only ſucking out the Air, and having: 
little Water in one's Mouth, they may be fo far 
charg'd therewith, as will cauſe them to ſwim ex, 
at Top of the Jar; which, being afterward ſtop'd 
with a good yielding Cork, or cover'd with a Leather, 
well ty'd over the Mouth, a Preſſure of the Hand 
apply'd occaſionally, will cauſe them to ſink, and 
on Abatement of it, they will riſe again at Pleaſure, 


Tis is, in Effect, is equivalent to the lengthen- 
ing out the Pillar of Water, as in the laſt Experiment; 
and by a greater Degree of Preſſure, condenſing - 

ir 
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Air in the Image, more thruſting Water into its Can 


vity, which the Air, in its Reſtitution, will thruſt 
back again, when that Preſſure comes to be with» 
drawn. Both theſe Ex periments are repreſented 
under the Pneumaticks, Plate 8. 


HERE, by the Way, it may be remark'd, that 
there are very few, if any Animals ſpecifically 
heavier than common Water, If Fleſh and Bones 
are ſomething heavier, the Fluids and the Fat are 
generally lighter, and the Vacuities of the Body, 
hll'd only with Air, conſiderably abate the ſpecifick 
Grayity of the whole. 


TH x Bulk of the Body being increas'd alſo, by 
diſtending the Cheſt, in Inſpiration, and taking a 
good Quantity of Air into it, is a farther Adyantage 
to the floting Animal. So that it has been try'd 
by a Man of ordinary Size, what Weight he could 
bring up, on his Breaſt, from the Bottom of 
the Thames, and when his Breaſt was full of 
Air, he could riſe with twelve Pound of Lead, 
without ſtriking- out af all, and thirteen Pound 
wou'd have kept him under. But when his Breaſt 
was not thus diſtended, he could only bring up 
ten Pounds, in that Manner. | 


Ir is therefore, difficult to conceive, how Peo- 
ple, unincumber'd with their Clothes, ſhou'd be 
lo often drown'd, as they are, againſt their Wills, 
and, unleſs by Struggling unartfully; and admit- 
luffocated, the Thing would ſeem impoſſible, One 
Diſad vantage, indeed, they lye under, from the 

1 ſudden 


ting Water into their Mouths, they got themſelves 
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ſudden Contraction of the warm Air, within the 
Body, on its firſt Immerſion in cold Water, which 
is apt to diſtend the Lungs immediately, and cauſe 
them to gaſp for Breath, when meeting too often 
a Fluid, too grofs for Reſpiration, they fall a Sa- 
crifice to their Fears, for want of that Preſence of 
Mind, with the Brutes, whoſe Apprehenſions of 
Danger being not ſo great, are evidently Maſters of 
This, like all other Prejudices, we ſhou'd endea- 
vour to conquer while we are young, before they 
are too deep rooted with us, and predominate, 


Arr Bodies immers'd in Fluids are compar 
with them, Bulk for Bulk, and whenever a Body, 
lighter than a Fluid, is ſo, a Quantity of that Fluid, 
in Bigneſs equal to the immers'd Part of the Body, 
is jutt equal in Weight, to the abſolute Weight of 
the whole Body. A Man of War, for Inſtance, 
carrying 120 Guns, with all its Stores, Rigging, 
and Appointments, weighs not a Jot more, than 
docs the very Quantity of Water which it thruſts 
away and diſplaces; and which wou'd otherwiſe 
have occupied the Room of that very ponderous 
Machine. This Water, being of a certain and de- 
termin'd Weight, wou'd naturally prefs on the ima- 
ginary Surface of the Fluid, juſt beneath, with its 
proper Gravity; but as that Part of the Ship, 
which is under Water, falls into the Place, there 
ſubſtituting an equal Weight, the ſame Preſſure, 
and no more, is ſtill ſuſtain d by the {aid Surface; 
or, otherwiſe, the Water being fluid, wou'd con- 
tinue to move, till the Equilibrium was fully made. 
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Tu Motion of the Waves, in a Gale of Wind, 
whereby an unequal Degree of Preſſure is accident- 
ally impreſs d, on the imooth Surface of the Sea, 
evidently ſhews us this. But to prove it farther, by 
Experiment: Take a Stick of Wood, ſpecifically 
lighter than Water, and counterpoiſe it in Scales 
with Water; immerſe the Stick in a full Jar, and 
Part of the Water will be thruſt out thereby, and run 
over; take out the Stick, the Water, in the Scale, 
will be found again to repleniſh the Jar, which 
ſufficiently proves : That a Quantity. of a Fluid, 
equal to the immer d Part of à Body, lighter 
than that Fluid, will in Weight equal, the Weight 
of the whole Body. 


Hence a tolerable Judgment, may be form'd, 
of the different ſpecifick Gravity of all ſuch Bodies, 
lighter than Water, as will not be damag'd by 
Immerſion therein. For Inſtance, the Denſity and 
Weight of the ſeveral Sorts of Wood, may, this 
Way, be compar'd by immerſing Sticks of the ſame 
Length, equally ſeaſoned or dry, and of the fame 
Form and Bigneſs, or priſmatick from one End to 
the other, (no Matter whether with Regard to each 
other, their Form or Diameters . be the ſame) in a 
narrow Jar of Water, like that Fig. 1. Plate 1. 
to keep them on End, noting how far, being gently 
let down, they will ſink in the Fluid. And, accord- 
ingly, a Foot of Eugliſb Oak will be found to fink 
about 80, Beech 75, Mahogeny 69 hundredths of a 
Foot: So that the Denſity of Oak is found to that 
of Beech, as 80 to 75, or 16 to 15; and to that 
of Mahogeny as 80 to 69, nearly as 8 to 7. And 
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by Conſequence, their ſeveral Weights, and per- 
haps their Strengths and Degrees of Service may 
be judg'd of, by inverting the Terms, that is to 
ſay, 75 Foot of Mahogeny are equivalent to 69 of 
Beech; and 80 of Beech to 75 of Oak. Their Du- 
ration indeed, depending on their Texture and par. 
ticular Conſtitution, will be another Conſideration, 
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On the HYDROMETER, or WATER 
POIZE. 


HE relative or ſpecifick Gravity of 
AERIE Fluids, to each other, may, this 
Way alſo, be tolerably well diſco- 
ver d, vi. by the Immerſion of an In- 

ſtrument call'd the Hydrometer, or 
Water-poiſe, in them ſucceſſively. This Machine 
is uſually made of Glaſs, Ivory, or ſome Subſtance 
not very porous, or apt to imbibe Liquor: It con- 
fiſts of a Bole of any reaſonable Size, as A. Fig. 2. 
Plate 7. and a long Stem as B. The Bole is com- 
monly loaded with a little ſmall Shot or Mercury, 
to cauſe it to ſwim upright, and its Weight is 
adapted to the Liquors, 'tis intended to prove. The 
Neck is mark'd with equal Diviſions, commonly 
put on the out- ſide: The large Part or Bole of this 
Machine is ſuppos'd to be compar'd with an equal 
—— of the Fluid, in which 'tis immers'd: 
The Stem, happening to be more or leſs immers'd, 
as tis ſmall, makes no great Difference: The hex 
vier 
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yier the Liquor, the more buoyant it is, and the 
lighter, the leſs will this Machine be ſupported in it. 
In Vinegar or Pickle, for Inſtance, *twill not ſink 
ſo deep as in Spring Water; this again, having 
more Salts in it than Pond or River Water, wherein 
' they have had more time to ſubſide (which they 
. conſtantly do, thereby forming Slime and Mud) 

will bear it up, better than they. In Wine, this 
Inſtrument will be leſs fupported, and in ſpirituous 
Liquors, made more light or ſubtiliz'd by Diſtilla- 
tion, it will fink more or leſs, according to their 
Quality or Strength. 


TH x lighteſt Wines, as well as the lighteſt 

Water, are the moſt wholeſome ; they being the 

| eaſieſt abſorb'd, by the LaQteals, from the ſmall 
Guts, and conſequently, the moſt convenient for 
| the purpoſes of Digeſtion and Nutrition, tho' they 
| be not, and perhaps ſeldom are, ſo palateable, as 
| thoſe that are heavier. | 


. 


WaTER that has been filtrated thro' a thick 
Flannel, or percolated thro' the Pores of a looſe and 
ſandy Stone, will be very light, clear and good. But 
| Water diftill'd, tho' it may be very light, yet want- 
ing a due Mixture of Salts, will be both inſipid and 
1inwholſome, and Sir Iſaar Newton's Definition of 
Water is; That it is a fluid Salt, volatile, and void 
of all Savour or Taſte. 


Sven Wines as have a natural Sugar in them, 
and are therefore moſt. viſcid and ponderous, as 
Canaries, and what are call'd the Rich Wines, 
ought not to be taken in too great Plenty; they 

1 4 are 
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are too nutritive ; and they will always be found 
very buoyant to the Water-poize, 


As for diſtill'd Liquors, tho' they are very light, 
yet have they too great a Degree of intenſe Heat 
in them, to be fit for common Drinking alone. 
The exceſſive Levity of the Brandy ought to be 
corrected, by the Gravity of the Acid, and the Flu- 
ency of the Spirit ſhou'd temper the Viſeidity of 
the Sugar; the Proportionsof which are well known 
to ſuch as are dexterous in mixing of the favourite 
Engliſh Liquor, Punch ; in judging of the Truth of 
which, the Hydrometer might perhaps, be of ſome 
Uſe, was it that way apply'd. | 


TH ſpecifick Gravities of Red-wine and Wa- 
ter will appear to be different, if a ſmall glafs 
Bolt-head, as A. Fig. 3. Plate 7. full of common 
Water, be inverted into a Glaſs of Claret, B. The 
Water, being heavier, will viſibly deſcend, and take 
Poſt at Bottom of rhe Glaſs ;- and the Wine being 
more light, will riſe thro' the Body of Water, by 
degrees, as Smoak does in ſerene Air, for the fame 
Reaſon, and take its Place at the Top of the Bolt- 
head, till at length all the Wine ſhall have got 
Poſſeſſion of that Machine, and all the Water of 
—— as their different Gravities inclin'd them 
to do. 


Ir is a common Experiment, to pour Red- wine, 
upon a Quantity of Water in a Glaſs; with a ſteady 
Hand, putting a Bit of thin Bread or Paper firſt 


aflote in the Water, to caſe the Fall of the Wine 


into the heavier Fluid, in order to obſerve the 
| Section, 
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Section, where the two Liquors part unmix'd ; and 
then with a Pipe, either the one or other of them 
may indifferently, be drawn off firſt, 


WEN Water and this colour'd Wine, however, 
are heedleſly jumbled together, and have their Parts 
intangled, as it were, one among another with a 
Shock, they then cannot be ſeparated again, their 
Viſcidity preventing it; but remain thence-forward 
incorporated together, and as it were one homoge- 
neous Fluid. 
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The PRINCIPLES, on which the Hy- 
DROSTATICAL BALLANCE aGs 
demon ſtrated, 


SOFT AVING before provid, That the 
Pro abſolute Weight of a Body ſpecifically 
8 /;ghter than Water, is equal to a 
Quantity of Water, to the immers d 
Part of that Body, equal in Bull 
It comes next to be cunſider'd, That all Fluids, 
fpecifically heavier than Water, lsſe as much of 
their abſolute Weight, in Water, as a Quantity of 
Mater, iu Bulk equal to themſelves, ſhall weigh. 


To prove this Propoſition experimentally. Take 

a Cylinder of ſolid Lead, exactly fitted to, and 
filling a hollow Cylinder of Braſs; ſuſpend the 
Lead at one Arm of a Ballance; counterpoiſe 0 
"25-0 
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with Weights at the other; of which let the hol- 
low Cylinder, full of Water, be a Part; immerſe 
the Lead, ſuſpended as it is, in a Jar of Water, 
held in the Hand, not ſuffering it to touch either 
the Bottom or the Sides, and Weight will foon 
pear to be loſt, which, on emptying the hollow 
Cylinder on the other Side of its Water, will appexr 
to be immediately reſtor'd. 25 


As a farther Evidence of this, let the ſolid Cy. 
linder be ſuſpended as before; put the hollow one in 
the Scale, on the ſame Side, void of Water; counter- 
poiſe them juſtly ; immerſe the Lead in a Jar of Wa- 
ter, as before, and the Weight loſt thereby on filling 
the hollow Cylinder with Water, will be replac'd, 


Ac AlN, the Weight loſt by any Body, on In- 
merſian, will always be communicated to the Fluid 
wherein tis put. To prove which, take a Jar 
of Water, of which, let the hollow Cylinder be- 
fore-mentioned be a Part; then immerſe the Lead, 
held by a String, fo that it may neither touch the 
Bottom or Sides ; the Increaſe of Weight found, 
will be exactly oounterpoiſed, by filling the hollow 
| Cylinder, in the oppoſite Scale, with Water. 


2 
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= Now to account rationally for the L of 
Weight, on the Immerſion of the Lead, it muſt be 
conſidered, that the Solid then takes up a Space 
in the Fluid, which would otherwiſe be fill'd by a 
Portion of Water, in Magnitude equal to it, which 
wou'd have been every way buoy'd up, and ſuſtain d 
in its proper Place, by the Parts of the ſurrounding 
Fluid; the Efforts whereof, upon putting in = 
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Lead, are then transfer'd againſt the Sides of the 
Matter, thus ſubſtituted in its Room. | 


AND with regard to the additional Weight, 
or that acquir'd by the Fluid, in which the Lead 
is immerſed, it muſt be obſervd; that on ſuch Im- 
merſion, the Water is made to riſe in the Jar, in 
Proportion to the Bulk of the Body immers d, 
which then being ſubſtituted .in the Place of fa 
much Water, may well be conſidered as a like 
Bulk of Water added; and therefore muſt be ex- 
pected to preſs the Scale, as much as an equal 
Quantity of Water added wou'd have done. 


Ir is certain then, that Bodies ſpecifically hea- 
vier than Water, loſe of their abſolute Weight 
(taken in the Air) on their Immerſion in Water, 
what an equal Quantity of that Fluid, in the Air, 
wou'd abſolutely weigh. And by conſequence, it 
is no leſs certain, that the Difference of the Weight 
of any ſuch Body, taken firſt in Air, and after- 
wards in Water, will always be the juſt Weight 
of a Quantity of Water, equal in Bulk and Dimen- 
ſions to thoſe of the Body, under Conſideration, 
which being the Principle, whereon the Experi- 
ments, on the Hydroftatical Ballance, chiefly de- 
pend, requires a particular Regard. 


Tx1s famous Propoſition was firſt found by Ar- 
chimedes, on the following Occaſion. Hiero, King 
of Sicily, order'd the Workmen a certain Quantity 
of Gold, to make him a Crown; it was well de- 
ſign d and finely embelliſh'd ; but the Artiſt had 
made free, it ſeems, with ſome of his Majeſty's 

| Gold 
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Gold, and ſubſtituted in its Room an equal Quan. 
tity of Silver : On Delivery of the Work, there 
was a Suſpicion of Male-praQtice ; the Crown was 
order'd to be ſurvey'd, and the Thing refer'd to 
Archimedes, as a proper Judge of the Caſe, with 
Inſtructions however, not to deface the Work. 
manſhip. It lay long befere the Referee, and 
the Maker thought himſelf pretty ſecure of his 
Perquiſite. It happened however, one day, as the 
Philoſopher was ſteping into his Bath, he took No- 
tice, that the Water roſe in the Bath in Proportion 
to the part of his Body immers d. From this Accident 
he receiv'd a Hint, where with his Gravity was ſo 
tranſported, that he jump'd out of the Bath, and 
ran naked about the Streets of Syracuſe, crying in 
a wild Manner, I have found it! I have found 
it . 


In conſequence of this Speculation, he made two 
Maſſes, of the juſt Weight of the Crown; one of 
Gold, the other of Silver. Theſe he ſeverally let 
down, with Caution, into a Veſſel of Water, 
wherein the Riſe of the Fluid might eaſily be de- 
termined, by Meaſure. Being of different ſpecifick 
Gravities, they were alſo of different Magnitudes, 
and, on Immerſion, took up the Room of different 

uantities of Water; by comparing whereof, with 
their abſolute Gravities, in the Air, he became 
Maſter of the Relation, in Point. of Weight, each 
of theſe Metals bore with regard to Water, and 
conſequently to one another. He then ſerv'd the 
Crown in like Manner, and by comparing his Ob- 
{cryations, he at length, detected the cs” 5 
| airly 
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fairly aſſigned the Quantities of Gold and Silver, 


contained in the Crown reſpectively. 
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on the Uſe of the HYDROSTATICAL 
BALLANCE. | 


HE Hydroſtatick Ballance, in order 
DUC 8 to find the ſpecifick Gravity of Fluids, 

or how they differ from each other, in 
2 X Point of Denſity, has commonly a 
| Lump of ſolid Glaſs, ſhap'd like a 
Heart, a kind of Wedge, the more eaſily to cleave 
and ſeparate the Parts of thoſe Fluids, in which it 
ſhall be immers d. Now this being made of Mat- 
ter, not liable to be injur'd by any Liquors, and of 
Weight ſufficient to fink in moſt, is convenient for 
the purpoſe, and is repreſented in Uſe by A, Fig. 
4. Tlate 7. This Machine has a fix'd Counterpoize, 
for the other End of the Beam as B, which, when 
the Glaſs is poiz'd in Rain or River Water, will 
keep the Ballance-beam juſt level, whether it be 
put at the Top, the Middle, or at the Bottom 
of the Jar, SHE 


Now all ſuch Liquors as are ſpecifically hea- 
vier, that is, more buoyant than common Water, 
will require Weight to be added, on the Side of 
the immers'd Glaſs, to reſtore the Equilibrium; 
and ſuch as are leſs fo, or lighter than common 

Water, 
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Water, will require Weight to be added to the 


Counterpoize, to bring the Beam, which ought ty 
be ſingularly good and true, to a horizontal Poſition, 


I'n comparing of two Liquors, in order to find 
whether of them is the heavier, tis of no great 
Concern to know, what the Bulk or ſolid Content 
of our Eſſay-bubble A is; becauſe the Grains on 
either Side added, will ſufficiently determine, how 
much a Quantity of them, equal to the Bulk of the 
Bubble, differs from rain or river Water, to which 
the Machine is commonly adjuſted, which is ſome- 
thing more of Satisfaction, than from the Hydrome- 
ter can be had. But how much the Denſity of the 
one, exceeds that of the other, or generally in what 
Proportion, cannot be known, till the Weight of 
our glaſs Machine, both in Air and Water, and conſe» 
quently the Weight of a Quantity of the Fluid, 
under Conſideration, in Bulk equal thereto, with 
which it is generally compar d, be firſt adjuſted 

and ſound. | 


Ir may here be remark'd, that the Beam of the 
Hydroftatical Ballance can't be well too light, if it 
be equal to its Office, without yielding or ſpring- 
ing. The Way to prove it is; when you have found 
an exact Equilibrium by it, to change both Weight 
and Scales together, and then if no Alteration aps 
pear, tis perfectly well done, otherwiſe not. 


A ſquare Piece of Paper, weighing one Grain, 
may without Difficulty be divided, by Meaſure, 
into thirty ſecond Parts of a Grain; and if you 
deſire your Beam ſhould be affected by the Weight 

0 
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of a few of theſe, the reſt of your Apparatus muſt 
be very light alſo ; leſt the Weight laid on the 
Point of Support, ſhould make it too ſluggiſh, to 
move ſo free and finely, as it ought to do. 


Suppost then the Weight of our Eſſay-bub- 
ble A, when taken in the Water, is 182, and in 
the Air, 206 Grains, the Difference 24 Grains, is 
the juſt Weight of a Quantity of Water, equal 
in Bulk and Dimenſions thereto z which being 
known, may be received as a conſtant Standard, 
whereby to eſtimate the ſpecifick Gravity of 
Liquors, generally by this Machine. For Ex- 
ample ; warm a Jar of Water pretty well, .it 
will be thereby rarify'd, and rendered ſpecifi- 
cally more light, and of Conſequence the Bub- 
ble, before adjuſted to that Liquor cold, will 
ſink therein. But by adding Weight on the other 
Side, we may eaſily learn, how much 'tis thereby 
become ſpecifically lighter, than a like —_— 
of Water cold ; that is, by only taking the Weight 
found neceſſary, to reftore the Equilibrium; 
ſuppoſe 3 Grams from. 24 : So that. the ſpecifick 
Gravity of the cold Water, will be found to be to 
that of the hot, as 24 to 21; or 8 to 7. 'J 


AG AIN, for Experiment's Sake; Make a 
ſecond Trial the fame Way, on a Fluid, denſer 
than common Water; ſuppole ſtrong Aſh-lees, 


 feplete with a lixivial Salt, in which Caſe, we 


are to add the Difference found, ſuppoſe 4 Grains 
to 24 ; the ſpecifick Gravity hereof, will then be 
ſignified by the Number 28, and an equal Quantity 
of Lees will be to common cold Water, as 28 to 
. 24; 
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24, or 7 to 6; and to an equal Quantity of the 
Water before warm'd, as 28 to 21, or 4 to 3; 
and thustf any other. to Rl 


THE ſpecifick Weight of equal Quantities of 
different Liquors, might be alſo found, by filling 
a ſmall Vial, of known Dimenſions and Capacity, 
with them ſucceſſively, which ought to be firſ 
exactly tared. Their ſeveral Weights, then taken, 
by a nice pair of Scales, and noted down, may af- 
terwards be compared together, tolerably well, 


In like manner, might alſo the ſpecifick Gra 
vities of Solid Bodies, heavier than Water, alfo 
be found, was it practicable to reduce them, by 
any Means, to ſome certain or determinate D. 
menſions, as to the Size of a cubick Inch, or the 
like. But that being not only laborious and expen- 
five, but alſo very inconvenient and leſs exact, the 
Beauty of the Hydroftatical Ballance, will appear 

| — in aſſigning their comparative Gravities 
be” their Figures never ſo various, or irregular, 
with great Truth and Eaſe. 


Fo the weighing of Solids ſpecifically heavier, 
that is, which fink in Water, hydroſtatically, 
this Inſtrument is provided with a ſmall glals 
Bucket, marked C. Fig. 4. Plate 7. which in 
the Air, is juſt counterpoiſed by B; and in Wa- 
ter, by adding the ſmall Weight D, on the 
Bucket- ſide at E, to counterpoiſe the Buoyancy of 
the Water, againſt the Bucket immers d. Wherein 
Fragments of ſuch Bodies may be weighed, as well 


in Water as the Air; which is always carefully 
t9 
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to be done, diſtinctly noting their ſeveral 
Weights, 


TRE Difference of their Weights, taken in 
Air and Water, as has been ſaid, will be that of a 
comparative Bulk of Water, equal to the Magni- 
tude of the Bodies immers'd preciſely. For In- 
ſtance; a Solid, which in the Air weighs an 
Ounce, may counterpoiſe, perhaps only 320 Grains 
in Water ; the Difference of which, or 160 Grains, 
has been already proved, to be the Weight of a 
Quantity of Water, equal to the Body in Bulk. 


ANo to find the relative Weight, or the Pro- 
portion ſuch a Body bears to Water, the Rule is : 
To ſee how often the Weight of an equal Quantity 
of Water, diſcovered as above, may be found, in 
the abſolute Weight of the ſame Body, taken in 
the Air; which in the laſt Example, will turn 
out, as 3 to 1. 


AGAIN, to compare two Bodies of different 
ſpecifick Gravities, hydroſtatically, ſuppoſe Flint- 
glaſs, and Magnet; take Fragments thereof, no 
matter how various in Weight, or different in 
Form. In the Bucket C, weigh them ſeverally, 
firſt in Air, then in Water. But previous to 
this, Care muſt be taken, to wet both the Bodies 
and the Bucket well, that the Air, which is very 
apt to adhere to Solids, and eſpecially to lodge 
and be retained in their Pores, may be extricated 
thence>er the Bodies will be thereby more buoyed 
up than they ought, and the Experiment there- 
fore imperfectly made. 

K AND 
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AND again; if thro' the different Denſity of 
Waters, either from Cold or otherwiſe, our _ 
et happens to be a ſmall matter, either too 
derous or too light; this ſhould” alſo be broogh 
to Truth and adjuſted, before the Operation, ei 
ther by adding Weight to the lighter Side, not to 
be brought into the ſucceeding Calculation, or by 
adding ſomething ſpirituous, if the Fluid be too 
denſe, or a little Salt, if it prove too rare, till 
the Ballance is ſettled to its firſt Adjuſtment, ac: 
cording to the Denſity of Rain Water. In Wa 
ter, the beforeſaid Glaſs, will perhaps fetch up 
but 120 Grains, and the Magnet but 79 ; thele 
taken from what they weighed in Air 171 Grains, 
and 102, ſuppoſe leave 51 and 23 the re- 
ſpective Weights of their comparative Bulks of 
Water. It thence appears, that Glaſs is to Wa 
ter, as 4. or as 351 to 1; and Magnet as %, 
or a 4 do ; and by Reduction of the 
Fractions, by croſs Multiplication, that of Conſe- 
quence, Glals is to Magnet ſpecifically, in whole 
Numbers, as 3933 to 5202, Or as 10 to 13 neat- 
ly ; ; in a reciprocal Proportion. 
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N. B. The Truth of theſe Eſſays will opti 
by tryins the Experiment on two or more, 
 diſiind# Pieces of the 1 ef ſame Metal, or 
Matter, which though different in Magni 
tude, will nevertheleſs be found to be lj the 
ſame ſpecifick Weight, by the Method nou 
propoſed 2 F accurately N 
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AN D. in this manner are to be treated all other 


t, whereby their Gaods 
nels may in great meaſure be known, ſuch as Mes, 


known from true. „ 
| 15 245 222 O. 0574 
TH x Africans are ſaid to be ſo dexterous at this 
kind of Cheat, and gild ſo artfully, that their bad, 
Money will abide the Touch, and their Gilding 
even follow the Shears, if the Piece be cut: But 
tho the Money of a baſer Metal may very much 
reſemble Gold, and 'even weigh as much in the 
Air, yet will it never abide the Teſt of the Hy- 
droftatick Ballance ; ſince, as it is made of Mat- 
ter leſs compact, and more porous, it will be more 
buoyed up in Water, than genuine Gold, in the 
like Circumſtances would be. | 


By the ſame Method, more exactly than by 
Meaſurement, or any other Way, may be found 
the cubic Content of any Solid, be it in Figure 
neyer ſo oblique or irregular. For ſince 253 Grains 
are found experimentally, to be the Weight of a 
Cubick Inch of Water. If a Groſs of Pipes, for 
Inſtance, was the Subject to be meaſured, and 

K 2 theſe 
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thefe ſhould weigh 1 Ounces Troy, Ib in Water 
than in the Air, the Analogy will then be: As 25; 
Grains of Water, are to 1 Cabick Inch; ſo are 5769 
Greins, the Weight of a Piece of Water, adequate 
to the Body, to the cubick Inches it contains, 


ot 23 neaily "of bart Clay. 


MI. W ard, in his Tot oung Mat hematician . 
Guite, gives the os Table of ſpecifick 
Gravitics; Which bein 35 extant, wilt here 
— not ifnproper ; Huy By Help whereof the 

ie or ao Content o ay. Thing in be it 
in in ape, never f6 uncouth, may be bund by the fol- 

Towing Proportion, Bank its abſolute Weight i in Air 
only, viz. As the tabular Number, is to 1 cubical 
Inch ; fo is the abſolute Weight of a Piece of 


wrought Plate, ſuppoſe, to the ſolid Inches con- 
tained therein. 
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The TABLE. ö 


The cet. Quinces Olen 


Inch of Try. Auoird. 


—— 
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Fine Geld 10,3592 11,3656 
Standard ditto —9,9626. 10,9304 


Quickſil ver 75,3844 
Lead 59840 
Fine Silver 5, 8 500 
Standard ditto— 5, 5567 
Roſe Copper 4, 7471 
Plate Braſs 4, 4042 
Caſt Braſs 4, 2724 


Steel 4,1421 


Common Iron——4,0 313 
Block Tin 3,861 5 
Fine Marble——1,4294 
Common Glaſs—1, 3608 
Alabaſter ———o0,9884 
Dry Ivory ——0,9621 
Dry Box————0, 5432 
Sea Water 0,5427 
Common Water o, 5274 
Red Wine — , 5237 


Proof Spirits 0, 48 92 


Dry , 4890 
Linſeed Oil — , 4916 
Oil-Olive ———0,481 5 


K 3 


8,1 017 


6,5539 


6,4183 
6,096.5 
$,2083 
4,8321 
4,0 303 
455445 
44230 
4,2366 
1, 5688 
47 


1 50 844 , 
150555 


o, 5900 


0,5949 
0,5787 
0,5746 
0,5368 
0,5365 
0,5393 
0,528.3 
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Hence we may obſerve, that Standard, ot 
Guinea-gold, is as 9962; Standard Silver, x; 
5556; Caſt Braſs, as 4272 ; and Lead as 5984 
to common Water; which is about 527 of thoſe 
Parts: So that weighed therein, Gold ſhould lo 
about a nineteenth, Silver little more than a tenth, 
Braſs about an eighth, and Lead a Eleventh of 
its Weight in Air. And if 129 Grains of each f 
theſe, the Weight of an unworn Guinea, be ſe, 
verally weighed in Water, the Gold will turn out 
122 Grains, the Silver about 115 Grains, the 
Braſs, which takes up more than twice the Bulk 
of Gold, 113 Grains, and the Lead about 117 
Grains; and if on the Eſſay they do not ſo, they 
are either naught, or more hammer'd , therefore 


cloſer than uſual. 


Hap; Capt. Dampier known this Method of 
determining the Value of Metals, he had perhaps, 
ventur'd to traffick with the Indians at the Ba- 
bee Iſland: for ſome of their yellow Rings, which 
he ſays,” in his Voyages, he had no great Encou- 
ragement to do, not being able to determine, whe- 
ther they were Gold, or not, 


Sucn Bodies as will diſſolve, or be damaged 
in Water, may be weighed in Oil of Turpentine, 
in which no Salts, Vitriols, or acid Sublimates, 
will melt, proceeding as with Water, only conſidei- 
ing that 221 Grains are a ſolid Inch of this Fluid. 


To conclude this Subject. The Equilibrium of 
Bodies, in the groſs Air, if they be very different 
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in their Magnitude or Dimenſions, will not exift 
in Vacuo; becauſe when two Bodies compared 
are unequal in Bulk, the greater protruding more 
Air from its Place, will be more buoyed up _ 
by, than the other; and when this Sup 
comes to be withdrawn from both, the bigger 
taſk of Courſe preponderate. ' AM 


. 4 
. * 
3 


T HERE are therefore fitting eue wheel 
Gold and Jewels may, ſtrictly ſpeaking, be bought 
or ſold, to moſt Advantage. If Gold be weighed 
againſt Lead ; That takes up but half the Room 
of This; if againſt Braſs, which is | lighter and 
more bulky ſtill, the Gold will of Conſequence be 
les buoyed up by tho ambient ' Fluid, than the 
Weights wherewith it is compared. And, from 
the exacteſt Equilibrium of this Sort, was the 
Air withdrawn, the Weights would certainly pre- 
ponderate. 


Now, by the A on the Batorhdtef! 
we know, the Air is capable of beitig on Occaſions, 
about-a tenth heavier at- one Time, than another. 
Whenever it is moſt denſe, it will of Courle, be 
the moſt buoyant ; and the contrary; when it is 
more rare. If the things compared, be ſpecifically 
the ſame Weight, they are equally affected by 
any Alteration therein; when they are otherwiſe, 
a Difference will appear. If it be in your Choice 
therefore, when to buy Gold, do it always when 
the Air is lighteſt, or in foul Weather; and if you 
can chuſe when to part with it, let it be in fair 
Weather, when the Air is the moſt buoyant, and 
has the greateſt Weight. 
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aer for Jevels a 1 contrary Maha 
They being nearly of the ſame ſpecifick, W 

with Chryſtal, are to the Bras, againſt r 
they are uſually eien hed, about as 1 to; 
It will be therefore beſt to purchaſe then, 
and indeed all other light Bodies, when the Air 
Air is moſt buoyant, and to fell them, when i it is 


d . 


Axpo "= a like heakia, Dealer's. Weigh 
ought always to be made of the pureſt Meta, 
which being never fo porous as the Courſe, wil 
reduce their Size; and tis allou d, that in Traffick, 
the Advantages ought, in, Juſtice to lie on the 
Side n bet 


Veo N this Principle, ſome have contrived 
an Inſtrument, called the Manometer which 
is no more than a nice Ballance-Beam, having a 
hollow Globe of Glaſs, hung at one of its Arms, 
and a Counterpoiſe of Metal at the other, with 
Intention to diſcover the, Rarity, or Denlity of 
the Air. Whenever the Air —f more buoy- 
ant, the Globe, being larger in Bulk and more ſup- 
ported than the Weight, would rife ; and the 
contrary, when it became more rare. The Ballance- 
Cock, on a circular graduated Scale, was deſigned 
to point out this Variation. But as this Machine 
can ſhew nothing more than what the Barome- 
ter, in a much better Manner, will do, it is enough 
to haye mentioned it. 


PNEU- 


\ 
* 


-» 


Water. It is commonly received among us, for the 
Doctrine of the Air, or the Laws whereby it is 
condens'd, rarify'd, gravitates, and the like. 


2” b s 9 
2 e —V 
* EDEN GD. 7 2 EI 


The PROPERTIES'of the AIR deſcribed, 


HE Air is a thin fluid Maſs of Mat- 
ter, which hangs about, and reyolves 
along with the Globe of the Earth, 
in its diurnal Motion, on its own Axis, 
and attends it, in its annual Journey, 
round the Sun. Let the Body of the Earth be 
repreſented by a Peach, the Air will be aptly 
henify'd by the Down, growing on its Ro | 
HE 
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< 1. HE whole Body of the Air, together with 
the Smoak, . and Particles of a diffe- 
rent Kind, floting i in it, are in * called the 
Atmoſphere. | 


THarT the Air is a Body appears from its 
excluding other Bodies, from the Place where it 
is For Inſtance ; turn the Mouth of an empty 
alas Jar down, into another full of Water, -there 
will but little Water get into the ſmaller Veſſel 
and that merely from the Compreſſure of the Air 
by the weightier Fluid, the Water, and the Air 
will poſſeſs the reſt of the Room. | 


Ta t Particles of the Air, are indeed fine, 
that they eſcape the Notice of our Senſes; they are 
not ordinarily to be perceived, either by the Touch 
the Sight ; yet, when a Quantity of it ſhall be 
thruſt together, as in a tight forcing Syringe, ſtop'd 
at the End, the Reſiſtance againſt the Piſton is 
ſuch, that if the Materials do not give way, no 
Forec whatever, will bring the Piſton down. And 
thus by Force, may Air be ſqueezed together, or 
compreſſed. In puſhing down the Piſton, we ſeem 
to work againſt a very ſtrong Spring ; this is one 
very ſenſible Inſtance of the ae or Spring 
of the Air. WY 7 3 
Tur the Air is a thin yielding Fluid, ad 
hath its, Parts eaſily moved, one among another, 
is not denied by any. 
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THAT it is elaſtick, or endowed with an ad- 
mirable Spring, appears in Part allo, by its conſtant 
Endeavour to maintain an equal Degree of Den- 
ſity in all its Parts; and by its immediately falling 
into Motion, to make good the Defects, whereyer 
they caſually happen. Seth 


Tux it is heavy, appears by its Preſſure on all 
Bodies expoſed to it, and eſpecially by its counter- 
balancing, and ſuſtaining all Fluids, in elevated 
Pipes, to a certain Degree. sf 


Tur Weight of the Air was: proved, by an 
Experiment propoſed, Page 12; whereby a Quart 
of Air, of the common Denſity, near the Earth, 
will be generally found to weigh about 20 Grains 
Troy. To corroborate which, let Air of the com- 
mon Degree of Denſity, be ſtill more condenſed, 
by the Injection of other Air, from a forcing Sy- 
ringe, and a conſiderable Degree of Weight will be 
found, And thus is the Gravity of the Air, not 
ſuſpected by the Ancients, become inconteſtable 
with us, | 


TAE World is indebted to Galileo, for this 
notable Diſcovery. He found by Experiments, 
that Water might be raiſed, by the common Pump, 
to a certain Height, and no farther; whereas had 
Nature abhor'd a Vacuum, as the Philoſophers 
then thought, it might have been raiſed indefi- 
nitely, as far as a Vacuum could be made. But 
this not appearing on the 'Trial to be fo, he hap- 
pily thought of the Counter-balance of the Air's 

Preflure, 
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Preſſure, which Toricellius after purſued and im- 


provy'd. 


* 


Tuts Philoſopher conſidered, that if the 
Weight of a Column of Air, from the Earth to 
the Limits of the Atmoſphere, was equal to 
Pillar of Water, of like Dimenſions, 35 Foot 
high ; as Mercury was 14 times heavier than 
Water, one fourteenth of 35 Foot of Mercury, 
would in like manner, be an Equipoiſe thereto. 
He took a Tube of Glaſs, hermetically ſealed or 
cloſed at one End, filled it with Mercury, and 
inverting the nether End, into a Ciſtern of the 
ſame, found that Part flowed out, and that the 
other Part remained ſtanding, about the Height 
he expected it would. Here he made a Mark 
and left it. In ſome ſmall Time, he found an 
Alteration in the Height of the Mercury, and 
after repeated Obſervations, at length found; 
That the Preſſure of the Atmoſphere, when leaſt in 
very foul and ſtormy Weather, was at leaſt equal 
the Weight of 28 Inches of Mercury, and, in 
fine ſerene Weather, that it would ſupport 31 In- 
ches of it; between which, all the uſual Changes 
that happen in the Weight of the Air, near the 
Surface of the Earth, are found to be included: 
And to him we owe the Invention of the Baro- 
meter, or Weather-Glaſs, which being well made, 
is a very curious Balance, for determining, from time 
to time, the Alterations in the Weight of the Air. 


On 
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On the BAROMETER. 
2 b EN HE moſt ſimple, and indeed equal 


do the beſt Barometer, is this, but 

HB. now deſcribed of Toricellius; and 

= what any Perſon may himſelf make, 
We having a clean Tube, cloſed at Top, 
of more than 3i Inches long, and of any conve- 
nient Diameter; but the larger the better, that the 
Attraction, of Coheſion between the Fluid and the 
Claſs, may be no conſiderable Hinderance to the 
Performance of the Machine. Fill the Tube with 
pure Mercury, by help of a very ſmall Funnel, 
that will ſuffer it to paſs but in very ſmall Drops; 
by the ſucceſſive falling whereof, the Air will be 
extricated from the Mercury perfectly well, and 
the Column of Mercury will then reſemble a Rod 
of Steel finely poliſ d. Stop the End with your 
Finger, till you can ſlip it ſuddenly off, being invert- 
ed, into an open Veſſel, having other Quick-filver in 
it: Whereupon, Part of the Mercury will deſcend, 
and fall into the Ciſtern, and the reſt will be ſuſ- 
tained to the Height of 294 Inches, above the Sur- 
tace of the Quick-filyer in the Ciſtern, if the Air 
be of a middle Weight, and the Weather Changea- 
ble: If it be inclined to Fair, the Mercury will 
ſand ſomething higher ; if Foul, it will ſettle 
lomething lower. s 


— 
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T o prove, that it is the Atmoſphere's Preſſure 
on the Surface of the Quick-filyer below, that ſup. 
ports the Mercury in the Tube: Put the Barometer, 
thus made, under an Apparatus, that may be ex- 
hauſted of Air, and as this by the Pump is gra- 
dually done, the Mercury in the Tube, will fall 
proportionably, and being wholly drawn off, the 
Mercury will lie quite level in the Ciſtern. And 
when the Air is let into the Receiver again the 
Mercury will be preſſed up again thereby, to the 
Height at which it ſtood before. 20k Fare 
ment is repreſented, Fig. 5. Plate 


Tur immediate Cauſe of which -Appeliaths' 
is the Inequality of the Preſſure. When the Mer- 
cury lies all level, it barely follows the ſimple Di- 
rection of Gravity. Before the Air is admitted, 
there is Vacuity, Space void of Matter and free 
from Weight, as well without as within the Tube 
When the Air comes to be admitted, a cafual 
Preſſure being laid without, and Vacuity remain- 
ing within the Tube, the Motion of the Mercury 
ſhews what that Preſſure is; the Riſe of it being 
in Proportion and adequate to the: Weight of the 
Air then introduced. = 5 


To make this Matter dane, if "oflible, 6 we 
may attend to the following Experiment, made 
on a Fluid, leſs denſe than Mercury. In order to 
which, exhauſt a Receiver, ſet on a ſeparate Plate, 
of its Air, Fig. 6; Plate 7. and you will have. 
portable Vacuum ;.' ſcrew in a Pipe, and immerſe 
the 'End on't in Water; turn a. Cock, and the 
Fluid will riſe into the Receiver, wirh Por 

mart 
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ſmart Jet, if neceſſary, 30 Foot high, merely by 
the Preſſure of the external Air. And was the 

| Experiment to be made on Mercury, the Jet 

| would play juſt as high as the Barometer would 
ſtand : Nor will this be any other than a Baro- 
meter in another Form. 5 


INzQUALITY. of Preſſure, is in general, we 
know, the Cauſe of all Motion; and Fluids, by 
their Movements, always ſnew, which Way they 
are preſs'd, by yielding the contrary : If the 
Preſſure comes from the Right, they give Way 
to the Left ; if from above, they always ſubſide, 
if from below, they as conſtantly riſe, that the 
Equilibrium in Nature may be uniformly pre- 
ſerved. But before we proceed farther hereon, twill 
be proper to introduce a ſhort Deſcription of the 
modern Air-Pump. | 


On the Air-PUMP, 


SI HF Air-pump was firſt attempted b 
2 — ITT P P P ov F 
bo Gerick, of Magdeburg; but was 


2 rendered practicable only by Mr. Boyle, 
and it hath ſince his Time, been great- 


ly improved. Fig. 7. Plate 7. is the 


Repreſentation of the Pneumatick Machine, now 
in Uſe : Wherein A is a Receiver, ground level 
at Bottom, ſet on a wet Leather, covering a flat 
Plate B, to be exhauſted of its Air, which being 
a Body, dilating by its natural Spring, and therein 

con- 
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confined, puſhes gradually from the Receiver 
thro' the Crane-necked Pipe C, as far as the Ci. 
ſtern D, wherewith the two Barrels EE commu. 
nicate: Into which it gets, beneath the Bladder. 
Valves, tyed over the Holes, for that- Purpoſe 
made, under either Barrel, one. 7 


I each Barrel is a moving Piſton, leat hered 
upwatd, that it may ſhut off the Atmoſphere 4. 
bove, as FF. Theſe are drawn up and thruſt 
down, alternately therein, by Means of a circu- 
lar Wheel, full of Tecth G, and a pair of Racks 
marked N, to fit thoſe Teeth, conſtantly moved 
thereby, one up, the other down, with Rollers 
behind (to caſe Friction and keep them up to their 
Wark) by a Crank of curions Contrivance 'P, 


at every regular Revolution of the Winch or 
Handle H. $0 


"Ix each of theſe Piſtons, is another ſuch yield- 
ing Valve fixed, opening alſo upwards, into- a 
Duct, by which the Air extruded may get away. 
The Action of the two Valves, belonging to each 
Barrel is allo alternate. 


TE Uu Air being ſhat from off the Bar- 
rel, by the Piſtons and Pifton-Valves, whenever 
thoſe riſe, Room is given for the internal Air to 
dilate, which by its claſtick Quality, it always en- 
deavours to do, and a Part of it puſhes out of the 
Receiver, thro' the nether Valve, into the Cham- 
ber of the Barrel. And whenever the Piſtons de- 
ſeend, they would again condenſe the Air ſo _ 

mitte 


1 
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By this Means do we gradually get rid of moſt 
of the Air included in a Receiver. So long as the 
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- mitted, did not the upper Valye'give Way, and 


. 


__ 


Air is denſe or groſs, we part with it apace ; when 
it is much attenuated, it lifts the Bladder- valves of 
the Pump but weakly, and the Operation then 
becomes more flow : Being very much thin'd, it 
will want Power to lift them at all; for which 
Reafon, by the' common Air-pump, the Air cannot 
be perfectly exhauſted, from our Receivers, tho! ſo 
near as 59 to 60 it may. n 
Tu R Racks and cireular Wheel before men- 
tioned, in the ordinary Air- pump, were uſed to 
be turned by the Handle, firſt this way, then 
that, ſtopping every Time the Rack came to the 


Bottom of the Barrel, by which much Time in 


making Experiments was loſt: But the late 
Mr. Vream found out a Methed of finking and 
raiſing the Piſtons, with a regular uniform go- 
ing round of the Winch, whereby a Crank was 
turned always actually forwards; but the Straps, 


which went from thence, and gave Motion to 
the circular Wheel, were ſo properly pitched oh 


a Center, choſen and fixed therein, and the Crank 
was ſo well ſized and fitted to its Office, that they 
never paſſed the Center of the Wheel itſelf; 
but when half its Teeth, had forced down one of 
the Piſtons, the intire Reyolutioh of the Crank, 
then not only brought up the Raek depreſſed, 


but at the ſame Time, forced the other down: 


So that tho the Handle and the Crank kept on 
L always 
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always regularly forward, the Wheel, moving the 
Piſtons, roll'd forward only half way, with one 
Piſton, and then return'd with the other. It is 2 
ſingular good Contrivance for this Purpoſe, and 
might be applied to the raiſing of Water, with 
two Pumps, worked by a Water-wheel, in the 
ſame manner, were there not other Methods for 
that End, leſs ſubject to Friction, in Uſe. 


To prove that the Air is really exhauſted, or 
attenuated, in the manner ſpoken of, by the Au- 
pump: Take a Receiver, open at both Ends, the 
taller the better. Cover it with a Plate, ha- 
ving a wet Leather between it and the Glaſs; 
to which let there be an Apparatus, with a 
Hinge, fixed, that it may diſcharge or let go x 
Guinea and a Feather, put Side by Side thereon, 
at the ſame Inftant. Exhauſt the Receiver, and 
let them drop together. 'Tho' one of theſe be 
the denſeſt; and moſt ponderous of all material 
Subſtances, we are.acquainted with, and the other, 
one of the laxeſt and moſt light, yet ſhall they in 
this Caſe fall equally faſt, and come down on the 
Leather together: Which will demonſtrate, that 
the groſs Air, reſiſting always, and conſiderably re- 
tarding the Fall of light. Bodies, is by the Pump 
really removed; and that in Vacuo, Gravity affeds 
all Bodies equally. This Experiment is repreſented 
Plate 7. Fig. 8. I 


By Means of a Barometer, communicating with 
the Receiver, fixed beneath the Frame, other- 
wiſe called the Gage-tube, marked I, we ur 
able to diſcayer the gradual. Approaches made het 
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wards a Vacuum, by the Riſe of the Mercury 
therein, from the Ciſtern at Bottom, by the Air's 
external Preſſure, viſibly increaſing in juſt Pro- 
portion, to the Abatement and Removal of the 
Air within, as may be obſerved, in the Experi- 
ment of exhauſting the Air, in order to bring 
down the Mercury, mentioned Page 142. very ex- 
attly. The Gage-tube may, on Occaſion, be 
ſhut off from the Receiver, by the Cock K; and 
L is another Cock, whereby the external Air 
may either be ſhut off, during the Time of ex- 
hauſting, or admitted into the Receiver, after tis 
oyer. | 


— 
7 
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The CASE of the BAROMETER reſum d. 


r bas been hinted, that the Column 
FEA of Mercury AB, in the Barometer, 
Fi. 9. Plate 7. was of a juſt Weight 
Voith a Column of Air of like Diame- 
ter, reaching from the Ciſtern B, to 
the Top of the Atmoſphere, which Column GA, 
now preſſing the Top of our Tube at A, was the 


Barometer removed, would preis the very Point, on 


which it ſtands. But as it is, a Weight of Mercury 
adequate thereto, is ſubſtituted, within the Tube, 
in the Room thereof; the Surface of which, could the 
beſoreſaid Column of Air come at, twould, by its 
Weight, ſoon depreſs the Column of Mercury, kept 
thus ſtationary in the Tube, by the joint Preflure 


of the collateral Columns of Air ſygrounding it, 
L 4 marked 
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marked in the Draught, by the pricked Lines; 


and was the Tube cloſed at Top, by a Piece of 
Bladder only, this, on pricking a Hole in I would 


immediately - my 


WE hydroftatically know, that in a recury'd 
T abe, 14 Inches of Water will equipoiſe, and ſup. 


port an Inch of Mercury. Let this be applied to 


explaining the Caſe of the Barometer before us, 
and an Analogy, between the Air in this Caſe 
and the Water in that, will be found. For Ex- 
ample, AB, Fig. 10. Plate 7. is a barometrical 
Tube, filled with Mercury, ſtanding between B 
and C. counter-balanced and ſupported by a Co- 
lumn of Air, reaching from the Ciſtern B, o 

above, to the Top of the Atmoſphere, luppoſe at 
D. Between A and C is a Vacuum, into which 
the Mercury will riſe, from the Ciſtern B, when- 
ever its counter-poiſing Column of Air B D, be- 


comes more heavy; as, on the other Hand, it will 


fall into the Ciſtern, when it grows more light, 
The Ciſtern Þ is uſually made pretty large and cy- 
lindrical, that when the Mercury falls out of 
the T abe, it may ſpread itſelf abroad, and not, 
by its Weight, act againſt, and counter-balance 
too much of the Column, in the Tube ſuſtained ; 
as was it ſmall, it neceſſarily muſt. For the 
ſtationary Height of the Mercury is to be reckoned 
from E, lying in the ſame Plane with B, whither 
it will, when at Liberty, riſe out of the — 
as to its own Level. 


Was the Atmoſphere of the ſame Denſity, 


from the Bottom to the Top, it would be no Dit- 
ficulty, 


— 0 
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ficulty, by the help of the Barometer, to deter- 
mine its Extent. It could not exceed five Miles 
and a half at moſt;- but as the Air, is a dilate- 
able Fluid, expanding itſelf in proportion to the: 
abatement of Preſſure above, as alſo by the increaſe 
of its Spring from Heat and other accidental Cau- 
ſes; we are not able to ſpeak of its Height, 
with any great Certainty. Moſt of the Learned 
however, Judge it to be ſenſible, to the height 
of 60 Miles, others to *45; ſtill growing thiner 
and thiner, as it leaves the Earth, where the Air 
is denſeſt, moſt compreſt, and therefore the moſt 
fit, for Animal and Vegetable Uſfſee. 

Axp that the Air is really thus compreſs d, 
near the Earth, will appear, on tying up a ſmal 
Quantity of it, in a pliant Bladder, very cloſe, 
putting it under a Receiver, and exhauſting the 
Air from about it. For the Preſſure, of the out- 
ward Air being remoy'd, the inclos'd” Air will 
dilate itſelf every way, and ſwell the. Bladder 
very much; and if 'twas well blown up before 
the Experiment, the Bladder, perhaps, would be 
burſt by it. The like would allo happen, at leaſt 
in ſome Degree, was a Man to take a flaccid Blad- 
der, from the Foot of. a Mountain to the Top; it 
would be ſenſibly fbund to grow. more and more 
turgid, in Proportion to his Aſcent, and the A- 
batement of the Preſſure. from without. 

Lier us conſider the Air then, as a fpungy:. 
compreſſible Body, ſomething like Wool. If 2 
Handful whereof be preſſed cloſe together, it will 
be reduced into a yery {hall Compùſs; but when 

| L 1 at 
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at Liberty it will recover its former Bulk, by Vir. 
tue of its natural Spring, And accordingly, were 
Fleeces of Wool laid 10 Foot deep, ſuppoſe the 
nether Parts muſt be more compreſſed than the 
upper, and that in Proportion to the incumbent 
Weight: If again theſe Fleeces be gradually re- 
moved, the Fibres of the Wool being elaſtick, 
will ſtretch out, unbend themſelves, and occupy 
more Space, than, in a State of Compreſſion, they 
did. Thus is it with the Air; if we abate the Preflure 
and aſcend a Hill, by the Time a Man is 100 Foot 
above his former Level, Experiment ſhews, that the 
Barometric Mercury, in ſettled Weather, will have 
ſunk about one Tenth of an Inch ; at the Height 
of 1000 Feet, it will have ſubſided about an 
Inch: In riſing the next 1000 Feet, perpendi- 
cular, the Mercury will fink perhaps, nine Tenths 
of an Inch; the next 1000 Feet in eight Tenths, de- 
creaſing ſtill more, till the Atmoſphere becomes of 
no Weight, at which Time the Mercury will be 
of no Height. | 


I like manner, ſhould the Air's Preſſure on the 
Surface of the Earth be augmented, by deſcend- 
ing into a deep Mine, by the Time one is yoo ot 
1000 Feet under Ground, the Mercury will ſtand 
in the Barometer, about an Inch higher than it 
did, at the Surface. But ſuch a Deſcent, being 
neither practicable or ſaſe, and as we have found, 
that Water is about $50 times heavier than com- 
mon Air, twill do quite as well, to immerſe the 
Barometer, ſtanding, according to the Preſſure of 
the Air, on the Earth's Surface, at a certain Height, 
mto 14 or 15 Inches of Water ; and — 
riſcs 
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riſes thereupon, about an Inch, we may thence 
conclude, that if the Barometer had been let 
down 1000 Foot below the Surface of the . 
—— had been much the ſame. 


Tus portable Barometer, is the 8 In- 
ſtrument for this kind of Ex ts, which dif- 
fers from 1 4— W in its having the 
ſuperfluous Mercury, in of being in an open 
Chem 5 — Fig. 9. Plate 7. incloſed in a Box 

Lats 7. In the Bottom whereof 
, a 1 "pllant Leather, having ſo much Play 
left, that ft will eaſily become, either concave, 
and ſo let down the Mercury from the Tube, when 
the Air is light, or convex, and ſo thruſt up Part 
of the contained Mercury into the Tube, when 
it preſſes harder, and becomes more buoyant. 
Underneath the Box is a Screw fixed, and a falſe 
Bottom, fitting the Leather, whereby the Mer- 
cury may, for the Convenience of Carriage, be 
niſed to the very Top of the Tube, and kept 
irom jogging to and fro, to endanger it. 


As Fluids at Liberty and unconfined, always 
endeavour to maintain the ſame perpendicular 
Height, the Barometric Mercury, whatever Incli-- 
nation be given the Tube, being conſtantly under 
the ſame Degree of Preſſure will do the like. In 
which Caſe, there will indeed be more Mercury 
thruſt into * Tube, which being ſlanted, then 
becomes an inclin'd Plane, which of its ſelf ſup- 
ports the Difference of the Mercury contained, be- 
tween the perpendicular and flope Heights, 


L 4 On 


152 . The Motion of FLUIDS, W 


Om this Account, ſome have endeayotued 
to augment, or at leaſt to magnify the-: Diviſions 
on the Scale of the Barometer, that the Altera- 
tions, happening in the Weight of the Air, may be 
caſter perceived. And accordingly; they have con- 
trived a Tube running ſtreight to a8 Inches, as. AB, 
Fig. 12. Plate 7. then bent by ſuch an Angle 23 
will bring the upper Part to be 31 Inches above 
the Ciſtern. If the Diagonal BC, be 30 Inches 
long, the Riſe of the Mercury, one Inch perpen- 
dicular, will cauſe it to traverſe 10 Inches of the 
Tube diagonally. But as there muſt conſequently 
be, in this Caſe, 10 times more Friction between 
the Mercury and the Machine, this Inſtrument 
2 Practice found, ſeemingly leſs exact than the 
Geher. 310 (ad Das 55:60 2 


- 'SHov D the Barometrical Tube be taken fud- 
denly out of the Ciſtern, at any Time, it muſt 
be obſerved, that the Column of Mercury, ordi- 
narily ſtanding tome Inches below the Top of the 
Tabe, will thereupon riſe, and ftrike againſt it, 
The Reaſon of which is, that by the Suddenneſs 


of the Motion, Part of the Mercury, from the Vis 


Iuertiæ of Matter, will be made to quit the Tube, 
and the Remainder of the Column, not being a 
full Counterpoiſe to the Atmoſphere, preſſing it 
below, 'twill therefore be puſhed: againſt the 
Head of the Tube, with a Force equal to the 
Difference of the two Weights ; juſt as one Arm of 
a. Ballance riſes with Force, when its Antagoniſt 
is oyer-charged with Weight. 15 


ON 
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Ir might therefore be expeited, [that the. 


of the Tube, v the reſt, and; incline- 
them to follow ; for the A e 0 whereof, ſee 
| ater be puts 
polely put on the Mercury, in making this Expe- 
nment, as the Mercury ſhall deſcend. from, the. 
Tube, the Water will, by the Weight of the At- 
. . 4 * 11. es „ e e 
moſphere, be forced up into the Vacuity, whichs 
will be another evident Inſtance of the Airs Preſ- 
ſure, and intimate to us, the Manner in which it, 
y , * a . * 7 w 3 CT: #&# + a 
acts in Hydraulics, or the Practice of raiſing Wa- 
ter for Oſe, by the varigus Kinds af Pumps. .. .. 


HAVING mentioned the Pendent Barometer, 
the Deſcription of this Machine, will not be diſa- 
greeable, as twas made by the late Mr. Patrick. The 
Tube A, Fig. 13. Plate 7. is ſtreight and ſlender, 
ſome what conical, hermetically ſeal'd at Top, and 
is commonly five Foot or better in Length. The 
nether End is open, and always freely expoſed to 
the Air. This is ta be fill'd with Mercury and 
turn d gently down; what Mercury the Air is not 
able to ſupport, will thereupon fall away; the reſt 
will return, vibrate and hang ready, either to riſe in 
the Tube, on any accidental Increaſe of Weight in 
the Air, or to fink therein, in Caſe of an Abate. 
ment; then by due Obſeryation, on a _— 

42 
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Barometer, the Marks are to be put on, and the 
Scales graduated, as Opportunity offers, | _ 


TuIS Inftrument has uſually two Scales, to 
obſerve by, at either End of the Column of ſup- 
ported Mercury, one. Theſe are commonly ſome- 
thing different in Length, and the Diviſions not 
ul : for as the Tube is a little conical, the 
Column of Megcury will be always ſhorter in one 
Part of it, than in the other. The Scales therefore 
are always to be adapted to the particular Tube. 


TAE Mercury in this Machine, inſtead of riſing 
and falling 3 Inches, as in the common one it does, 
will move in ſome 10, in others 20 or 30 
Inches perpendicular, according as the Tube 
happens to be more or leſs taper, which makes 
the Alterations in the Air's Weight yery per- 
ceptable thereby : It is therefore a very good, 
but not a cheap Barometer; ſince not one Tube 
in a Hundred is fit for this Purpoſe: If they be 
"ni cylindrical, or over large, they will not 
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Some EFFECTS of the AIR'S PRES» 
SURE deſcribed, 


HEN the Preſſure of the Air was 
gr] firſt diſcovered, according to the Fate 
of all conſiderable Inventions, it met 
wich Oppoſers, who objected, that if 
the barometrical Column of Mercury 
were really ſupported by the Air, it ought to have 
no Weight, when proved by a Ballance, which on 
the Trial, will not appear. . 


Tx x Air's Preſſure, by the forementioned Ex- 
periments, being — proved, makes this 
Objection ſcarce worth a Reply. However, to 
prevent the Triumph of ſuch as had rather con- 
tend for Victory, than ingenuouſly ſubmit to Con- 
viction, and own the Truth, we anſwer ; that the 
Materials, of which the Barometer is made, are e- 
qually preſs d, and equally buoyed up by the am- 
bient Air, as well ſeparate, as when put together; 
they therefore, in either Circumſtance, are of the 
lame abſolute Weight. And tho the Column of 
Air, Fig. 10. Plate 7. B D, or one in all Reſpects 
equal thereto, does certainly ſuſtain the Column of 
Mercury EC, in the Tube, which has a Vacuum, 
of no Weight above it; yet as there is a 
Column of Air A G, very nearly of equal N 

wi 
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with B D, preſſing the Head of the Tube, not 
to be removed thence : Therefore on the Expe- 
riment, no Difference in Point of Weight appear, 

hereas, was the Experiment made on a Tube, 
that would reach beyond the Limits of the At. 
moſphere's Preſſure, or could the Preſſure of the 
comparative Column of Air AG, by any Means, 
be remoyed from off the Tube, no doubt a con- 
ſiderable Difference, equal to the Weight of the 
pet of ry ſapported, den then be 
ound. Hf 13 SUL 


Ix like Wuinet the Pillar of Es in the 
Pendent 'Barometer, which is evidently upported, 
by the Preſſure of the Air beneath, is no manner of 
Weight on the Hand; but yet as a counterpoiſing 
Pillar of Air, is known to depreſs the Top of the 
Tube, juſt as much as the Mercury therein ſup- 
ported, may be allowed to weigh; no Difference 
therefore of Weight appears, and our Senſes may 
be admitted eaſily to deceive et in this (WY in 
"ts Thing we lift. | 


T HE Jeterrihade Quay of the Air's Pref 
ſare, depends, on the State thereof, at the Time of 
Tryal. When tis heavieſt, 14 Ib. 11 Oz. Avoir- 

oiſe Preſſure, lies on every“ ſuperficial Square 
Inch, and 141b. 10. When tis lighteſt, contain'd in 
all Bodies expoſed thereto: At a Medium; a circular 
Inch is ſubject to the Weight” of 12 1b. (80 much 
being -requir'd, to raiſe _ Piſton of an exhauſt- 
ing Syringe, well closd at Bottom) which there- 
fore we take as the Standard, for finding the 
Quantity of the Air's Preflure, on any — 
ane 
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plane (the Areas of Circles being proportionate to 
the Squares of their Diameters) by this Analogy : 


As 1, the Square of the Diameter 1 Inch, 
Is to 12 lb. the Preſſure thereon; 
So is the Square of any Diameter propoſed, 
To the Preſſure on the Area of the Circle, 
thereunto correſponding. AP 


*&% 
S * 
, » 


To prove this Fact; take a pair of braſs He- 
miſpheres, ſome 33 Inches over; put a Ring of 
wet Leather between their Edges, which ought 
to fit each other very well; exhauſt the Air from 
between them, and they will require a Pull, as by 
the Steel-yards may be tried, of near 1 50 Ib. to 
part them, and yet they will fall aſunder by their 
own Weight in Vacuo. The firſt of theſe Expe- 
riments is delincated, Fzg. 14. the other Fzg.. 15. 
Plate 7. | 


Tux Weight of the Air will be ſenſibly felt, 
on drawing up the Piſton of an exhauſting Syringe, 
as above ; for it will be forced down by the 
Preſſure of a Column of Air, correſpondent thereto 
in Diameter, of the Height of the Atmoſphere ; 
and if its Bore be three quarters of an Inch in Dia- 
meter, the Hand that does it, will find very near 
the Reſiſtance of y lb. if the Weather be inclined 
to Fair. But yet ſhould this Machine be put under 
a Receiver, and the Air exhauſted from about it, 
the Weight will evidently fink. When the Air 
however is re-admitted, and comes to preſs the 
Piſton, it will rife and return fo its former State. 


Now 
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Nov ſince it requires fo great a Force, to ſe. 
parate two Planes of the beforeſaid Bigneſs, kept 
together, meerly by the Force of the Air: It i; 
eaſy to judge of the very great Preſſure lying con- 
ſtantly on the Body of a Man, the Surface whereof 
ordinarily meaſures to about 15 ſquare Feet. 
This from evident Experiments, can never be leſi 
than 30624 1b. but may on Occaſions, amount to 
33905 Pounds. 


THe general Preſſure of this Fluid, may be 
compared to a ftrait and general Bandage, made 
equally on every Part of the Body; the Sum to- 
tal whereof, would amount to the Preſſure juſt 
named, which if laid on. any particular Part of 
the Body, would cruſh it; but as the Body is in 
every Part loaded alike, tis embraced, and as it 
were, bolſter d up univerſally by it. 


T+r1s mighty Force would be inſufferable, and 
even fatal to us, was not the Air we breathe, ta- 
ken into our Lungs, there mixed with the Blood, 
and then circulating with the Fluids, thro'out the 
Body, not of an equal Denfity, with the external, 
and therefore able to repreſs and counter-ballance 
this enormous Preſſure from without; juſt as the 
Air on one Side of us, bears againſt and reſiſts the 
Preffure made by it on the other, whereby- we are 
freed from that Suffering and Violence, which other- 
- Wiſe we ſhould ſoon be very ſenſible of. 


To prove the Truth of this: Take an open 


circular Glaſs 4 or 5 Inches oyer, coyered __ a 
out 
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Rout Bladder, like the Head of a Drum. So long as 
the Air preſſes this Membrane on both Sides e- 
qually, it is obſerved to lye ſtreight, at reſt, and 
truly leyel ; but it no ſooner will be ſet on the 
Pump and Part of the Air exhauſted, but the 
outward Air will viſibly preſs the upper Surface of 
the Bladder, into a concave Form. Let but in the 
exhauſted Air, and it will return again to its for- 
mer Situation ; if it be continued, by the Time 
the under Air is greatly attenuated, and the Re- 
ſiſtance of it nearly removed, the yielding Sub- 
ſtance will probably give way to the upper Force, 
in a very audible manner. For as there is a Vacuum 
within the Glaſs, the whole Body of the adjacent 
Air, on the burſting of the Bladder, will by its na- 
tural Spring, immediately move, to make good the 
Deficiency ; and ſo far as the Air ſhall be ſen- 
ſibly ſhaken by the Shock, ſo far the Sound of 
the Exploſion will be heard, like the Noiſe of 
Fire-arms, and for a like Reaſon. 
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On the Art of D1viNn c. 


A it with the Weight of Water. It is 
— 2 known to counterpoiſe at a Medium, 
about 33 Foot of Sea- water; a cubic 
Foot whereof weighs experimentally 64 Pounds; 
of conſequence therefore, the Body of this Fluid, 
| muſt 
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7 muſt — at leaſt with the Force of 2112 1b; on 
every ſuperficial Foot, near the Surface of the 
Earth, where the Air is moſt compreſſed: Should 
however, any Quantity of this Fluid be, by any 
Means, conveyed to the Depth of 33 Feet of Salt 
Water, 'twonld, lying under the Weight of a 
double Atmoſphere, be doubly compreſſed, and 
forced into near half the Space it took up, on th 
Surface. Should it be farther immerſed to the 
Depth of 66 Feet, its Dimenſions would be till 
much more contracted, under the incumbent 
Meight of a treble Atmoſphere; ; and 'twill then 
be found to take up but one third of the Space, 
zit held at firſt; and at 99 Feet below the Sut- 
face, twill be crowded into one fourth of the 
—_— it at. firſt took up. 11 Þ 


Fon this an, the Divers ks are .oblig'd 
to go down to great Depths in Water, if they 
have none but. Air of common Denſity in their 
Bodies, which is commonly conveyed to them 
in Pipes, from the Surface, always find them- 
ſelves greatly oppreſs'd, by the Weight of 
the Water above them. A Perſon, who on the 
Surface of the Earth, having only common Air 
in his Body and Veſſels, is but ill provided, to 
ſuſtain a double or a treble Weight from with- 
out, and the additional Preſſure will always be 4 
great N to a Man, * equally boxer i it 
be * | 


Tis a common Experiment with the Sailors, to 
ſink a Bottle well cork'd, with only Air in it, to 
a good Depth in the Sea, that on pulling it 7” 

they 
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they may find the Cork forc'd into the Bottle, 
by the Prefſure of the Water, e 


A noted Diver, not long ſince, in 13 Fathom 
Water, having the Trunk of his Body cas'd in 
Armour, had his Limbs fo ſqueezed, that the Cit- 
culation of the Fluids was almoſt ſtop'd, and the 
Blood was forced out of his Eyes, Noſe and Ears, by 
the great Preſſure of the incumbent Water, which 
nearly inclos'd the Veſſels. He lay fix Weeks by 
the Hurt he received, and tho' he ſaw a 
Cask of Dollars, but at a ſmall Diſtance from 
him, it was not in his Power to proceed farther ; 
and One, his Companion, venturing to do ſo, was 
near expiring when he came up, and actually dy'd 
in three Days time. | 


I's Order therefore to remedy this great Diffi- 
culty, and to render Pearl and Coral-fiſhing, and 
the Recovery of Things loſt by Shipwreck more 
practicable, the Diving-bell was invented ; which 
is a ſtout Machine, made of Wood or Copper, 
Bell-faſhion, about 8 Foot high, and as much 
in Diameter at Bottom. This Form being, for 
this Purpoſe, of Ad vantage; becauſe of its great 
Capacity downwards, by which Means, when 
the Bell is really half full of Water, it may not 
be much above two Foot deep, perhaps, in the 


Machine. It has Seats within, for the Divers to 


reſt themſelves on. It is hung round with 
Weights, ſo diſpoſed, as to make it ſink, the 
Mouth downwards, in a perpendicular Poſition. 
The Model of the Bell A, and the Utenſils you 
haye repreſented Fig. 1. Pl. 8. which being put into 
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a large Jar of Water, anſwers all the Experiments 
perfectly well. 


Tux real Machine, having three or four Men 
in it, with proper Inſtruments for their Buſin 
may be let down, from the Yard-arm of a Ship, 
upon the Veſſel loſt, to the Intent that the People 
within may break up the Hulk, and faſten Ropes 
to Cannon, Casks, or any other thing worth the 
bringing up, and then the Sailors above, on the 
proper Signal given, are ready to weigh them up 
with Tackles, by Force of Hands. 


As the Machine is lower'd in the Water, the 
Air within will be gradually compreſſed, by the 
Weight of Water above it, endeavouring to puſh 
into the Bell, and conſequently will riſe therein by 
Degrees; ſo that at 33 Foot deep, 'twill be one 
half, at 66 Feet, two thirds, and at 100 Foot, 
; ?twill be above three quarters full of Water. This 
Condenſation of Air will not however, greatly 
affect the Perſons in the Bell, tho” it really be of 
equal Force and Reſiſtance to the whole Weight 
of Water, whereby 'tis compreſs'd : Becauſe it is 
always let down ſlowly, and the People con- 
ſtantly reſpire the Air condenſed. 


I uE Anatcmiſts, from the Capacity of the leſt 
Ventricle of the Heart, whereby the Blood is 
thrown out, into all Parts of the animal Syſtem, 
at every other Pulſe, 75 of which are generally 
made in a Minute, by Bodies in Health ; the 
Quantity of Blood, requiſite to fill the great Veſſels 
in a human Subject, being eſtimated uſually alot 

| 20 Jb. 
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20 1b. judge the Circulation of the greateſt Part of 
the Maſs of Blood, thro' the Lungs muſt be per- 
formed in about 5 or 6 Minutes Time. The Divers 
in their Deſcent, are hence internally provided 
by Degrees, to ſuſtain the great and prevailing 
Preſſure from without, to which the internal Air 
muſt be always a proper Antagoniſt, and in Equz- 
librio with it, or fatal Effects would follow ſoon. 


AND as this Machine is to be lower'd, ſo is it 
in like manner to be raiſed, with great Delibera- 
tion, leſt the Air within the Mens Bodies, at the 
Bottom of the Sea, in an extraordinary Degree of 
Compreſſure, ſhould by its natural Spring evolve 
itſelf too ſuddenly, in caſe that Preſſure ſhould be 
precipitately withdrawn; by which Accident, rend- 
ing the Coats of the Veſſels might bring on imme- 
date Death. 


TRE Diving-bell thus anſwer d the Intention 


of the Contrivers pretty well, but ſome Inconve- 


niences ſtill attending it, Dr. Halley took it in 
Hand, and improv'd it. 1. As it contained but 4 or 
5 Hogſheads of Air perhaps at firſt, when it came 
to the Bottom of the Sea, theſe were reduced into 
the Bulk perchance, but of one. Now by Expe- 
rience it is found, that a Man requires about a 
Gallon of freſh Air, to ſubſiſt him a Minute, and 
leſs than a Hogſhead, will ſcarce ſerve him an 
Hour: Becauſe the ſulphurous Effluvia from the 
Blood, either abſorb or vitiate the wholſome Qua- 
lity of the Air, or by blunting its Particles, render 
it in Time effoete, unfit for Reſpiration, and e- 
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A ſecond Objection to the original Bell was, 
the want of Light. This obliged them to take 
down Candles with them ; and a Candle is known 
to ſpoil as much Air as a Man may uſe: As may 
be prov'd, by ſetting a Candle under a Glaſs-re- 
cciver, as repreſented Plate 8. Fig. 2. full of 
common Air, on a wet Leather, to prevent the 
coming in of a Supply ; which being either con- 
ſum'd or vitiated, the Candle ſoon goes out of it- 
ſelf. And there is no Doubt, but an Animal, in 
like Circumſtances, would ficken and faint in a 
very ſhort Time ; on which Account, Mr. Pat. 
Gordon, in the 15th Paradox of his Geographical 
_ Grammar, aſſerts. That there is a remarkable 
&« Place, in the Globe of the Earth, of a very pure 
« and wholſome Air to breath in, yet of ſo ſtrange 
e and deteſtable a Quality, that it is abſolutely 
“ impoſſible for two of the intireſt Friends that ever 
& breathed, tocontinue in the ſame, in mutual Loye 
« and Friendſhip for the Space of two Minutes of 
Time“. This muſt be, where they had not four 
Gallons of Air, or ſo muck. Space more, than their 
Perſons would take up. 


A third Objection, to the original Diving-bell 
is, that when the uſed Air became hurtful to Life, 
there was no way of getting rid on't, or ſhifting it; 
and the former Quantity of Air, being thus re- 
duced to the Compaſs of a Hogſhead, four Men 
and a couple of Candles, could not ſubſiſt therein 
above 10 Minutes, which being too ſmall a Space 


of Time, to paſs up and down, and do — 
c 
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the Diving way, the Invention, in this Particular 
alſo, fell very much ſhort of Perfection. 


Tu Doctor removed the firſt of theſe Objecti- 
ons, by fixing a Cock in the Head of the Ma- 
chine, to let out the foul Air, as often as was ne- 
ceflary, as at B. This ſucceeded very well. The 
warm Air being lighter than cold, always roſe above 
it, and was conſequently the firſt puſhed forth ; 
nor was the Preſſure of the Water, above on the 
Hole of the Cock, able to confine it : Becauſe the 
Column of Water, condenſing the Air, and puſh- 
ing at Bottom, was ſome 8 Foot longer, and of 


Conſequence, ſo much heavier than the Column, 
preſſing on the Cock, at the Head of the Machine. 


WHENEVER the corrupt Air was let looſe, he 
ſays, the Surface of the Sea was put all in a Foam; 
for as the Air, in its natural Degree of Compreſ- 
ſure, on the Surface of the Earth, is known to 
unwind, or expand itſelf, to very large Dimen- 
ſions, as it gets rid of the Preſſure, it will act 
no doubt, in the ſame manner, to a ſtill greater 
Degree, when contracted into one quarter of the 
Room; and a Portion of Air, that at the Depth 
of 100 Feet, might be no bigger than a Hazel- 
nut, at the Surface, might become as large as an 
Orange; whence the Appearance, juſt mentioned, 
may be very well ſuppoſed to proceed. 


Ix order to ſupply the Bell with freſh Air, he 
contrived to have a Veſſel, like a Barrel, with 
one of the Heads out, or in Fact a ſmaller Bell, 
a C, Fig. 1. Plate 8. kept going 2 
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between the Surface of the Water, where it took 
in freſh Air, and the principal Machine, which 
being ſunk ſomething lower, had the Air therein 
ſomething more compreſſed and denſer, than that 
contained in the larger. Into the Head of the 
ſmaller, was a ſtrong leathern Pipe fixed, haying a 
Cock at the End, which one of the Fellows took 
and turned, whenever a Cargo of Air thus came 
down, which thence roſe with Freedom, into the 
larger Machine. This Contrivance, not only 
brought them a continual Supply of wholſome 
and freſh Air; but, by its elaſtick Power, thruſt 
part of their Water out of the Bell, and gaye 
them more Room to act in. 


AND to let them in Light, a ſtrong Lens of 
8 Inches over, was fixed at the Head of the Ma- 
chine, as at D, the convex Side downwards, in 
order to ſpread the Light within, which ſucceed- 
ed ſo well, that the Doctor ſays, he has read a 
Gazette, at the Bottom of the Sea, in calm Wea- 
ther; but in a Gale of Wind, the Rays of Light 
being frequently broken, by the Movement of the 
Water, his Abode was then ſomething dark. 


THIS ingenious Gentleman ſays, that at 
length he had brought Matters to ſuch Perfection, 
that he could detach one of his People, from his 
principal Machine, to a reaſonable Diſtance, with 
ſomething like an inverted Hand- basket of Lead, 
on his * FI ſo ſhaped, that he might ſee 
the Way, and whit: lay before him; into the 
Top whereof a flexible Pipe was fix'd, like that be- 
longing to the Veſſel, for tranſmitting of qo 

it, 
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Air, through which, when Air was wanted, 
the Perſon could, by turning a Cock, ſupply him- 
ſelf from the Bell itſelf, provided he mounted a 
{mall Matter above the Place of Communication, 
whence the Air would then naturally riſe, into this 
his Helmet ; and being of greater Denſity, would 
thence extrude the Air, by him us'd and ſpoil'd. 
And this was ſo order'd, that had any Accident 
happen'd to the Perſon ſent out, or if, thro' want 
of Preſence of Mind or otherwiſe, ſhould he neg- 
le& to turn his Cock, and endanger the Bell, b 
the Loſs of its Air, the People within had alſo 
a Cock at their Command, by ſhutting whereof, 
the ill Conſequence of ſuch Accident might be pre- 
vented. And as ſuch a Perſon came gradually into Air 
of a fit Denſity, to repel the very great Preſſure of 
the Water, inconſiderable Depths, he had of Courſe 
reſpir'd it ſufficiently, to fortify his Body againſt 
the external Preſſure, at any particular Depth of 
Water, and therefore could not be oppreſs'd by the 
Weight of it, on his quitting the Bell. 


Tux Dreſs of the People, who practice this 
Trade, is generally made of thick Flannel, which 
being once wet, and the Water therein warm'd, 
by the Heat of the Fleſh, the Body will feel no 
great Cold afterwards, from moving about in the 
Water ; becauſe the warm Water, lodg'd next the 
Skin, will always keep its Poſt there. 


SUCH as are us'd to go down, in this Machine, 
tis faid, generally complain'd of a Pain in the 
Ear, at leaft for a Time. This proceeds probably 
fram the extraordinary Preſſure of the Air, con- 
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denſed on the Tympanum or Drum of the Ear, 
which is a very fine Membrane, drawn crols the 
Meatus auditorius, or the inner Ear, which in 
ſome Subjects, is thought by the Anatomiſts, to 
have in it a ſmall Aperture, clos'd by a kind of 
Valve, on the hither Side. Within this Mem- 
brane, only common Air is inclos d (for the Cir- 
culation of the Blood in theſe Parts, muſt be very 
ow) abeve it is Air conſiderably condens'd, 
whereby the ſaid Valve may be depreſſed, and the 
Part being very nervous, muſt give the Patient a 
great deal of Pain. But when the Condenſation 
becomes ſtrong enough to puſh in this Valve, the 


Pain ceaſes, and the Patient recovers his Hearing 
as before. 


On x of theſe Fellows, in theſe Experiments, 
with the Doctor, being more cunning than the reſt, 
thought he would keep away the Ear- ach, and 
accordingly ſtop'd his Ears full of chew'd Paper. 
The Succeſs however fell ſhort of his Expectation, 
and when the Preſſure grew great, the Membrane 
was not only puſhed in, as before, but the Wad 
of Paper with it. And the Surgeon, with Diffi- 
culty cnough, got it out again. 


BETORE we quit this Subject, it may not be 
amiſs, to give a ſhort Deſcription of the Caſe, or 
Armour, of Uſe in ſhoal Water, where indeed 
Wrecks moſt commonly lye, intended to defend 
the Head and Trunk of the Diver, from the ex- 


ternal Preſſure, that his Ribs may be able to move, 
and give him Breath. 


THE 
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Tre fide Sketch of this Contrivance is given, 
Fig. 4- Plate 8. ig. 3, is the Diver, therein equip'd 
for Service, at Bottom of the Sea, whether he is 
let down by a Rope, ſaſten d round the Neck of the 
copper Machine, which ſeparates at the Wait, and 
the Parts are connected by Straps of Iron with Screws, 
both before and behind. Between the Right- 
Arm and the Waiſt is a piece of Copper, which 
draws out of a Grove, to admit that Arm, after 
the Body and the other Arm is in. This Grove 
is made Water-tight. On each Side of the Head- 

iece is a fix'd Tube, to which ſeveral Lengths of 
f Leather- pipe, kept diſtended by Rings at due 
Diſtances, may occaſionally be icrew'd, according to 
the Depth of Water, thro' which Air is conveyed 
from the Surface. In Front of the Head-piece is 
a ſtrong convex Glaſs fixed, able to bear the Prei- 
ſure of the Water, that the Operator may ſee what 
he is about. Round the fleſhy part of his Arms, 
juſt below the Elbows, where the Blood-veſlels 
lye pretty deep, and again under the Knees, a 
fort of leathern Bags are girt, able to keep out 
Water; to tye which to the copper Machine, 
there is a Necking left. | 


PEOPLE have been 40 Minutes, at a Time, 
under Water, in this Machine, and done Buſineſs 
upon a Wreck, in a moderate Depth: Yet as there 
is not an over free Circulation of Air, thro' the 
Pipes of Conveyance, which obliges them often 
to uſe Bellows, and ſuch like Contrivances ; no- 
thing anſwers fo well as the Bell itlelf, provided the 

Buſineſs 
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Buſineſs be of ſufficient Importance, to defray the 
Charge of ſuch an Apparatus. . 2 


Some EFFECTS of the AT Mos.- 
PHERE's PRESSURE on ANIMAL, 
and other BODIES. 


HE Alteration in the Air's Preſſure, 
upon our Bodies, is in general very 
ſenſibly felt by us: In clear ſerene 
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MWeather, when it acts with the great- 
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eſt Weight, we find our ſelves more 
vigorous, chearful and alert: In foul and cloſe 
Weather, when the Air is more light, we are 
moſt commonly ſupine, dull, and languid. 


IN the former Caſe, the Fibres of our Fleſh 
are braced up well, and made very tenſe, and of 
conſequence, the Channels of the circulating 
Fluids contracted, by the greater accidental out- 
ward Preſſure, whence they move, in equal 
Times, with more Velocity, than when the Coats 
of the Veſſels, for want of a proper Preſſure, are 
relaxed and diſtended ; and that this is the Caſe, 
appears in Part, from an over-ſtrain'd Limb's re- 
ceiving immediate Strength, by being bound up. 


THE Lunaticks are a notable Inſtance of the 
Change of Weight in the Air. At New and Full 


of the Moon, when her Attraction, in Conjunction 
with 
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with that of the Sun, raiſes the groſſer Fluids in 
Tides, it alſo generally cauſes an Alteration in 


the Gravity of the Air, whence the Blood of 


theſe People, being very thin, circulates with an 


accelerated Force, whence they are ſo extraordina- 


rily affected. 


THE Old and Infirm, are ſo many ſenſitive 
Barometers, and are generally very early in the 
Notices they give of the Alterations of the Weight 


of the Air. Rheumatiſms, Gouts, Achs, Megrims, 


ſhooting of Corns and the like, are with them 
certain Indications of Rains, Snows and Storms : 


Nor are the Young and Healthful wholly inſenſi- 


ble of theſe Changes, tho' the whole Texture of 
their conſtitutional Syſtem of Fibres be in fine 
Order, replete with Juices, tenſe and elaſtic: 
Whereas thoſe of the Ancient, are thro' Age and 
long Uſe, become more dry and ſapleſs, hard, 
tough, unpliant and wanting of Spring. The Suf- 
ferings therefore of theſe, are always grea'er from 
this accidental Difference of Preſſure than the other, 
and doubtleſs proportionable to their Complaints. 


TH o' the Preſſure of the Air be ſufficient to 
produce the great Effects before-mentioned, yet 
is the Force thereof ſuſtain d by temper'd Clay, 
thin Glaſs, and the moſt tender Bodies, without 
any Alteration in their Figure at all, merely from 
their being equally preſs'd thereby on every Side: 
But no ſooner can this Preſſure be abated on one 
Side, or increas'd on the other; but a ſenſible 
Change will immediately follow. 


OuR 
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O ux Receivers in general, when they are fir 
ſet on the Pump, preis it only with their abſo. 
lute Weight ; but if the internal Air, by a Turn 
or two of the Winch, be attenuated, its Preſſure 
on their Surface will cauſe them to adhere to the 
Plate, fo as not eaſily to be ſeparated from it. 
The Cauſe is plain. | 


A Receiver being placed on the Leather, the 
Air within, no leſs than that without, lyes under e- 
qual Degrees of Compreſſure, and like a Multitude 
of little Springs, bent as many different ways, ſup- 
ports the Weight of the upper Air. This inferior 
Air reſiſts, and in its turn repreſſes the inner Surface 
of the Receiver, and the Leather, whereon it 
ſtands, with a Force juſt equal to that exerted by 
the Atmoſphere, on the out- ſide of the Receiver 
and the Pump; whence an Equilibrium be- 
tween them exiſts. But we no ſooner give one 
Stroke of the Piſtons, and extract Part of the in- 
ward Air, but that Equilibrium ceaſes ; and as 
the Exhauſtion is continued, the growing Preſſure 
of the one, and the decreaſing Reſiſtance of the 
other, make the Difference at length, very re- 
markable ; and fuch as will be ſenſible to the Hand 
of a Perſon covering a ſmall Receiver, two Inches 
oycr, open at both Ends, whilſt it is gradually ex- 
hauſted of its Air. 


A notable Effect, produced by the different 
Preſſures of the internal and external Air, may be 
compaſſed, by exhauſting a ſquare Bottle of its 
Air. This will be beſt done under a Receiver, 

having 
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having a leathern Valve, fo diſpos'd, as to ſuffer 
the Air to paſs out, during the Operation; but 
not to enter the Bottle again, when the Air ſhall 
be re-admitted into the Receiver, the Preſſure 
whereof will then ſqueeze the Bottle to Atoms. 


Ir may be remark'd, that flat Bodies are not 
ſo able to reſiſt a Preſſure, as are the round, of e- 
qual Thickneſs ; becauſe all the Parts of theſe are 
diſpos d as in an Arch, and ſo ſuſtain each other, 
in a much better Manner. 


ANOTHER Inſtance of the Inequality of this 
Preſſure, may be given, by encreaſing it within a 
Bladder, faſten'd at the End of an Injecting Sy- 
ringe, into which, by repeated Strokes, let a Quan- 
tity of Air be ſucceſſively thrown. When the 
Power of the Spring is ſuch, that the Weight of 
the Air of common Denſity without, and the Co- 
heſion of the Parts of the Bladder, become jointly 
unequal thereto, this Membrane will burſt, the 
inclos'd Fluid will then get looſe, and ſhake the 
adjacent Air, fo as to affect our Nerves perhaps, 
with the Senſation, ordinarily call'd a Noiſe. 


T x1s Experiment will alſo intimate the Effects, 
fluid Bodies produce, in dilating Cavities, when 
_ thro' ſmall Channels. In this Caſe the 

articles of Air, thruſt into the Bladder, with a 
good Force, inſinuate themſelves, and act as does 
a driven Wedge, in dividing a hard Body. And 
this is commonly the Caſe, it may here be obſery'd, 
in ſuch Apoplexies as are fatal. Some of the ſmall 
Blood-veſſels break in the Head, and in the 

Courſe 
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Courſe of the Circulation, repeated Puſhes: are 
made, thro'.the fractur d Pipe, till the Brain comes 
to be ſo compreſs d, by the extravaſated Blood, as 
to be no longer able to perform the due Secretions 
of the Animal Spirits, and then immediate Death 
enſues. 


A Stream of Air driven thro' a ſmall Channel, 
will both raiſe and ſuſtain a conſiderable Weight, 
the ſmaller the Hole, the greater will be the Ef. 
fe&, in a reciprocal Time; and the contrary. An 
eaſy Blaſt from the Lungs, will raiſe about 7 1b, 
and the Breath of a ſtout Perſon, blown with all 
his Might above 20 lb. 


Onz large Bladder blown, may raiſe a 
Weight as high as ſeveral ſmall ones; but the 
neceſſary Expence of Breath for this Purpoſe, in 
either Caſe, will be very different. For Inſtance ; 
two Bladders ſimilar in Figure, but of half the 
Diameter, of a large one, (ſince Spheres are geo- 
metrically demonſtrable to be in Content, pro- 
portionable to the Cubes of their Diameters) 
will require but a quarter of the Breath to diſtend 
them, as will the greater, and yet will they 
joyntly act, in a quarter part of the Time, and 
produce a quarter Part of the Effect. This Experi- 
ment is commonly apply'd to the Explication of 


muſcular Motion, and is repreſented, Fig. 5. 
Plate 8. 


On 
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On MuscuLarR MorT1oN. 


HE Muſcles of the Body, in gene- 
inlal, are thoſe Flakes of Fleſh, which 
mT appear when the common Teguments 
AW of the Body removed. They cover 
XK the Bones, and not only conduce to 
the Comlineſs of the animal Figure; but are fo 
many moving Powers, by which, being themſelyes 
435 in Number, both ſimply and combin'd, juſt 
2 hundred diſtin Motions may be made, by the 
Head, Trunk and Extremities of the human Body. 


Ox the Muſcles, ſome are round, ſome oblong, 
ſome flat, and others circular. They ordinarily 
conſiſt of a Belly, red and fleſhy, and a pair of 
Tendons placed at the Extremities white, and of 
a cloſer Contexture: Both Parts whereof ſeem to 
be no other than Bundles of parallel Fibres, divi- 
ſible with Care, to a great Degree of Fineneſs ; 
the minuteſt Sub-diviſion whereof, or Fibril, ſeems 
2 Muſcle in Miniature, and to have its Belly and 
two Tendons, like the Muſcle itſelf. 


Tax Tendons are, for the generality, inſerted 
into two of the Bones, one fixed, the other move- 
able. That is termed it's Origin; this its In- 
ſertion. 
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As the Muſcles contract, they draw the moye. 

able Bone or Part, this Way or that, according 
to the Direction of the Fibres; and as they di- 
miniſh in Length, their Bellies increaſe in Thick. 
neſs, tho the Muſcle itſelf enlarges not its Di- 
menſions; bat its Bulk is, on Experiment, found to 
be rather leis. | 


TuRE Veins, Arteries and Nerves, the two firſt 
of which are the Channels, which conduct the 
Blood to and from the Heart, the Souree of Life, 
the other is the Conveyance of the Animal Spirits, 
from the Seat of Perception, the Brain, are uniyer- 
fally diſtributed, into ev'ry Part of the Muſcles ; 
ſince no one Point of the Fleſh can be prick'd, but 
2 will thence follow, and Senſation there be 
raiſed. 


Now the Action of a Muſcle, ſeems wholly 
to depend on the Non-obſtruction of the Neryes, 
For if the Nerve of any Mulcle be ty'd, the 
Muſcle immediately ceaſes to a&, and if it be cut 
thro”, it does ſo for ever. Muſcular Motion muſt 
therefore be effected by ſome Agency, communi- 
cated by the Nerves, to the moving Part. 


Ir has been alfo generally receiv'd, that the 
ſame Effect will happen, on tying or cutting the 
chief Artery of a Muſcle ; but this is found not 
to ſucceed, when try'd on a Dog, unleſs the Aorta 
or principal Artery of the whole Body be tyed. 
For the ingenious Mr. Langriſb informs us, that 
he has ty'd up and below, the Ligature * 

8 our 
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four large Arteries of a Spaniel, who found no 
fort of Defect or Inconvenience, in his Mulcles, 
from the Operation, when his Wounds were well, 


THE manner in which the Learned generally 


conceive muſcular Motion to be performed is, from 
the progreſſive Motion of the nervous Juice, increas d, 


and on Occaſions, forwarded by the Determination of 
the Will, to a certain Part, in an undulating Man- 
ner. And the muſcular Fibres, open to this In- 
flux, receiving thereupon a larger Quantity of the 


nervous Fluid, grow more turgid and cauſe a 


Contraction, which the continued Circulation of 
the Blood and other Juices aſſiſts and promotes, 
till the intended Motion is brought about and ex- 
ecuted. And what favours this Conjecture is, the 
Contraction of a dead Muſcle, which is always 
ais d by the Injection of Liquors. 


Tus muſt be confeſt, a plauſible way of ſol- 
ving this very difficult Phœnomenon; but when 
we conſider how great and ſurprizing Things are 
done by People in a Fright, when the Mulcles 
act almoſt inftantaneouſly, with the Apprehenſion 
of Danger, without any Reflexion made, or ſeem- 
ing Action of the Will, perform'd at all, it may 
be doubted, whether theſe ſudden and prodigious 
Effects are brought about, in the ſteddy uniform 
Way before propoſed. 


 BixsrDes tis well known, that muſcular 
Motion in the Heart of the Eel, the Salmon, 
and Frog, will continue after they have been a 
long Time, ſeveral * perhaps, out of the 


Body , 
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Body; and when their Pulſation has even then 
ceas'd, that it will be reſum'd and repeated, on 
their being warm'd a-new, or prick'd by a Needle. 
But the moſt remarkable Phenomenon of this 
kind is, the twiſting and twining of the Vi- 
r, which will continue for many Hours, after 
the Head, Heart, - Entrails and Skin are taken 
from it: Nor is it ſatisfactory to alledge, that the 
Fluids, in theſe Animals, are more viſcid, and 
therefore longer retain'd in the Veſſels of theſe 
Creatures, than in thoſe of others, to produce this 
Effect, after all the Conveyances of the animal Spi- 
rits are intercepted, and even their Source deſtroy d. 


- W x cannot therefore but own, that the Buſi- 
neſs of muſcular Motion, is not yet ſo well under- 
ſtood, as tis hoped it may hereafter be, when 
the Induſtry of After- ages, aſſiſted by the Ob- 
ſervations of the foregoing, ſhall have made a 
greater Progreſs therein. 


Ir may, however, here be remark'd, that ex- 
tream Cold is always a conſiderable Hindrance to 
muſcular Motion; a Swelling from extravaſated 
Humours, that fill the Interſtices and prevent the 
Corrugation and Contraction of the Fibres, does 
the ſame. Great Tremors, ſuch as thoſe of the 
muſical Strings, which vibrate with a prodigious 
Degree of Swiftneſs, when play'd on, commonly 
affect the Ends of the Fingers with Numbneſs, and 
laying hold on the lower Part of a ſpringing Piece 
of Metal, when filed in a Vice,- will ſoon produce 
the ſame Effect; ſo does the Touch of the Ter- 

Pee do, a Fiſh which has a pair of Muſcles * 1 
| 7 oy 
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Back, compos d of very large and ſtiff Fibres, 
which on being touched, he naturally moves to 
and fro with ſuch Swiftneſs, that it numbs the 
Hand, and immediately impairs muſcular Motion 
therein. It is a Queſtion then, whether muſeular 
Motion be not produced by the Nerves alone? 
Since whenever they are diſconcerted, diſturbed 
or obſtructed, by certain Accidents,” a Blow on 
the Head, or even the Apprehenſion of very 
great and eminent Danger, ſuch as may produce 
Amazement, and, will diſmay we ſee on Experi- 
ence, cauſe all the muſcular Motion to ceaſe. 


Borelli, and other ingenious Authors aſterhim, by 
the Help of a fine Imagination, rather than from any 
thing that ſeems to favour the thing in Fact, or Ob- 
ſervation have conjectured, that the long parallel 
Fibres, which compoſe a. Muſcle, were beſides be- 
ing together incloſed, in the common Membrane of 
the Muſcle, connected alfo by tranſverſe Fibres, croſ- 
ſing the longitudinal ones, and dividing them at 
very {mall Diſtances, into a great Number of {mall 
Cells, Veſicles or Bladders, and this Way have 
they endeavoured to explain the Mechaniſm of 
muſcular Motion. The Thought is philoſophical 
and pretty enough, which they thus purſue. 


A Bladder, void of Air and flaccid, they con- 
ſider as a Muſcle in its atmoſt Elongation; when 
inflated, . as a Muſcle —_— Being empty, 
tis perhaps, ſome: 8 or 9 Inches long, and then 
barely ſuſpends the Weight A. Fig 5 Plate 8. 
being replete with Air (blown thro' the Pipe E, 
the End of which is cover'd with a Valve, to 
| N 2 caſe 
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caſe the Lungs of the Performer, and prevent the 
Return of the Air) will raiſe the Weight to a 
certain Height. The upper and nether Parts of 
the Bladder repreſent the Head and Tail of the 
Muſcle, and the Weight intimates the Force 
wherewith it acts. | 


Wr have ſeen Fig. 5. Plate 8. that by one 
Bandage, put about the middle of our Bladder, 
as at C, and then blown up, the Weight was 
moy'd in a quarter of the Time, and with a 
a quarter of the Breath requiſite to fill the Ca- 
vity of the Whole, and a fourth Part of the Ef. 
fect was produced thereby. Now ſhould the Blad- 
der thus divided, be again ſubdivided, with Band- 

es at D and E, the Whole will become a String 
of ſmall Bladders, each a quarter of the Diameter 
of the. firſt, which being blown up, will raiſe a 
certain Weight in a ſixteenth Part of the Room 
and Time, that the large one will. 


Ax p tis reaſonable to believe, that if one 
Bladder of a certain Content, will when inflated, 
Taiſe a Weight to a certain Height, two com- 
municating, will produce twice the Effect, and ſo 
on: And was a Chain of Bladders thus circumſtan- 
ced, equal in Bulk, and like in Figure, joy ned to- 
gcther, the Space, thro' which the Weight would 
be by them raiſed, muſt be proportionable to their 
Number, or which is the ſame Thing, to the 
Length of the String. And if a determined 
Weight may be raiſed a certain Way, by one 
Bladder, or one String of Bladders, double the 
Weight will be raiſed by two ſuch, and co 
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quently the Weight faiſed by a Muſcle, will be 
in Proportion to the Number of its Fibres, v/z. its 
Thickneſs, and the abſolute Strength of one Muſcle, 
is to that of another, as are their Weights or Bulk. 


Was it not for the forementioned Contrivance, 
or ſomething equivalent, in the Conſtruction of 
the Muſcles, all animal Motion muſt be exceeding 
deliberate and flow; and a Snail or Tortoiſe might . 
be juſtly, perhaps, reckon'd very nimble Creatures. 


e 
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On the HEART and CIRCULATION 
of the BLOOD. 


Cy 


is voluntary, it being in the Will and 
Choice of an Animal, in Health and 
| ITE unconvulſed, whether he will move 
any Part of his Body, or whether he 

will give it this or that Direction. But the Heart 
is a Muſcle exempted from that Law, which du- 
ring Life, whether we will or not, inceflantly 
moves, and at every Pulſe receives Blood from the 
Veins, which it again throws out, after it hath 
been ated on by the Air in the Lungs, along 
the Arteries, to the very Extremities of the Body, 
where the Arteries, expanding, are loſt in excretory 
Ducts, too fine for Sight. Here the Blood and 
Juices are, as it were, ftrain'd, and again collected 
and taken up, by the ſmall Ramifications of the 
N 3 Veins 
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Veins, and by thoſe again they are conducted back 
to the Heart; where, the ſame Proceſs being re- 
peated, the animal Syſtem is thereby preſery d 
often a hundred Vears. 80 curious a Piece of 
Pump- work, cannot but deſerye a little of our fr. 
tention. | 1 


Tu Situation of the Heart is in the very Center 
of the Thorax or Cheſt, wherein it is ſuſpended at 
Liberty, by the Blood-veſſels, wherewith it is 
concerned, and with which alone it is connected. 
Its Apex or Point, inclines indeed, a little to the 
Left, where we feel it beat. Tis incloſed within 
a fixed Bag, being the Continuation of the Plenrg, 
lining the Cheſt, call'd the Pericardium, full of a 
timpid Liquor, in which it flotes; not only that 
its Fibres might be kept always warm, moiſt and 
ſupple; but alſo that by performing its Functions 
in a denſe Fluid, its Motions might be renderd 
thereby more regular and ſteady. 


Ir is at a conical Figure, and its fleſhy, or r muſ⸗ 

cular Parts, conſiſt of ſeveral different Orders of 

Fibres, ſo directed and diſpoſed, as either to con- 

tract or dilate it, which they do by turns of their 

own accord, regularly, and alternately, as has 

_=_ laid, from the yery Ker to the End of 
e. | 


In the Cath of the Heart, the Point is 
drawn up a little towards the Baſe, encreaſing its 
Breadth, as it is diminiſhed in Length. In its Di- 
Jation or Reſtitution, the Apex returns to its na- 
tural Situation, and the Breadth decreaſes, as it 
| © B-; gains 
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gains Length. The firſt of theſe is by Anato- 
miſts, term'd the Syſo/e ; the latter, the Diaſtole 
of the Heart. 


IN the Body of the Heart itſelf, are two Ca- 
vities, term'd Ventricles. They are divided by a 
ſtrong Septum or Partition, the Place and internal 
Direction 'whereof is marked on its Surface, Fig. 6. 
Plate 8. by the white Line AP. At the En- 
trance of either Ventricle is a hollow Appendix, a 
kind of Bag, of a looſer Texture than the Heart. 
Theſe are call'd the Auricles, with which the Ven- 
tricles, by Valves of admirable Contrivance, re- 
ſpectively communicate. The right Auricle is there 
denoted by B, into which Blood is admitted, 
whenever the Heart contracts from the Vena ca- 
va, which, both aſcending from the Parts below, 
and fefcending from thofe above, marked A A, 
conducts the Blood, collected by the leſſer Veins, 
from all Parts of the Body, to the Heart, into 
which it diſcharges it Contents at N, by an excel- 
lent Contrivance, which hinders the direct Shock of 
the two confluent Streams, as is there expreſs d. The 
Place of the right Ventricle marked , is between 
C and the Septum cordis; into which the Blood, 
laſt receiv'd by the Auricle, is admitted, when- 
ever the Heart dilates. D is the Section of the 
pulmonary Artery, wheteby the Blood is thrown, 
from the right Ventricle, into the Lungs, which 
are ſpread without the Pericardium, on ei- 
ther Side, and being divided into ſeveral Lobes 
when inflated, fill the Thorax. Theſe are a vaſt 
Collection of ſmall Veſſels, thro' which, the Blood 
being puſh'd with ſome Rapidity, becomes attenu- 

N 4 ated 
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ated, and there meeting with the Air, continually 
inſpired, is thereby rectified, refreſhed, and imme- 
diately gathered up by the pulmonary Veins, which 
are four Canals, conducting the Blood out of the 
Lungs into the left Auricle of the Heart, in its 
.Syſtole or Contraction. This Auricle is ſignified by 
F, and the Inlets of the pulmonary Veins there- 
into by RR; two of which lying backwards, 
are in our Draught only prick d. 


Ar the ſucceeding Reſtitution or Dzaſtole of 
the Heart, the Blood, laſt receiv'd from the Lungs, 
is admitted into the left Ventricle, the Place of 
which is between the Seprum and the left Side of the 
Heart, denotedby 8. By the following ContraQtion, 
it is thence thrown into the great Artery, or the Aor- 
ta, marked GO; by the ſeveral Branchings or Ram- 
ifications whereof, it is diſtributed to every Part of 
the Body. H, I, K, L, M, lead it away to the Head, 
Arms, Sc, and from the Continuation of G O (car- 
ried and directed downwards, to moderate pei- 
haps, the prodigious Force of the Heart) the 
Trunk and lower Parts of Body, are ſupplied with 
arterial Blood, by diſtinct Canals branched off, here 
end there to the very End, at every Syſtole thereof. 


Ir muſt not however, be imagin'd, that one 
ſingle Portion of Blood, received at firſt from the 
Vena cava, is thence circulated alone, to the A. 
orta, by the fix diftint Movements, Steps or 
Stages before mentioned. But as a conſtant Sup- 
ply is wanted, for the Purpoſes of Life, the Cir- 
culation is to be ſuppoſed continual : So that af 
very Motion of the Heart, all the four Cavities 
are 
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are more or leſs employed, viz. In the Con- 
traction, both Auricles not only receive Blood 
from the Veins, with which they reſpeQively com- 
municate ; but the two Ventricles at the ſame 
Time expel into their reſpective Arteries, the 
Blood, which they had juſt before received, in 
the Reſtitution of the Heart from the Auricles, 
which then are only empty'd into them : So that 
in ſhort, whenever the Ventricles dilate, the Au- 
ricles contract, and the contrary, by the alter- 
nate conſtant Motion of the Heart. 


THE Arteries are ſtrong conical Ducts, larger 
towards the Heart, and leſs towards the Extremities, 
of an elaſtick Nature, which dilate when the 
Heart puſhes Blood into them, and contract im- 
mediately when the Puſh is diſcontinued, and this 
is what is call'd the Pulſe. The Veins which ge- 
nerally accompany the Arteries, ſide by fide, are 
cylindrical in Figure, and their Uſe is to colle& 
and return the Blood, in an even Stream, as has 
been faid, to the Heart, from the Extremities, whi- 
ther it had been carried by the Arteries. 


TH ar this ſucceſſive Circulation of the Blood, 
is no Chimera may be evident, from obſerving the 
Courle of it in the tranſparent Membranes of A- 
nimals, with the Microſcope : Wherein the Glo- 
bules of Blood, may be dittinaly ſeen in the Ar- 
teries, to low one way, and in the Veins the 
contrary. The Arteries are always ſmaller than 
the Veins, and of Conſequence the Stream being 
more confined, is ſeen m them, to be more rapid 
tre 7. Plate 8. is the Repreſentation = the 

| cins 
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Veins and Arteries, filled with the Globules of the 
Blood circulating, in one of theſe Animals. The 
Figure of which is drawn round, becauſe the Spot 
of reflected Light, by which theſe Things are 
, obſery'd, exhibits it in ſuch a View. The Place 
marked D, D, D, are thoſe where the Veins and 
Arteries were ſeen viſibly, to communicate. 


Fen OT ET IT TESISIPTS ve $ , 


Txt Truth of it will alſo. appear, from the 
Veins on the Back of the Hand, if the Skin be 
clear. The Veins are furniſhed at fit Diſtances, by ſe- 
milunar Valves, which on proper Occaſions, ſhut 
downwards or towards the Extremities, to take 
the Reflux of the aſcending Fluid, from off the 
Trunk of the. Veins, the Weight of which 
would otherwiſe be inconvenient, and give the 
Body mych Pain. And the.immediate Relief and 
Eaſe we feel, on lying down, ſhews, that the 
Abatement of this Preſſure, even with theſe Co 

trivances is not inconſiderable. | 


...STROKE then your Finger down toward the 
Knuckles pretty hard, tis odds but you'll pals 
by ſome one or other of theſe Valves, the Conſe- 
quence of which is, that the Vein, above the 
Valve will be full of Blood, and between it, and 
your Finger empty, on remoying whereof it will fill 
immediately, and the Circulation appear then to 
proceed as uſual. Or elſe, putting down a Finger in 
the ſame Place, to ſtop the Courſe of the Circulation 
in the Vein; ſtroke the Blood, lying between 
your Finger and the Valve, upward, the ſame 
thing will happen : In order therefore to breathe 
a Vein, a Bandage may be made in any conve- 
nient 


3 
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dient Place, and the Courſe of the Blood puſhed 
forward from the Arteries into the — being 

thereby partly ſtop'd, the Vein ſwells, below — 
Fillet, never above it, unleſs in the Neck: 
Which plainly intimates the Courſe of the venal 
Blood, to be from the Extremities of the r 


toward me Heart . 
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of | DIGESTION, SANGUIFICATION 
and NUTRITION, 


animal 5 the curious will 
not be diſpleaſed with a ſhort Account 
of Sanguification, or the Manner in 
which Digeſtion of the Aliments, re- 
ceiyed into the Stomach, furniſnes Matter to re- 
pair the Decays of Nature, and ſupply the Bo- 
dy with neceſſary Nutriment and Strength. | 


S0 11D Food being taken in by the Mouth, 
reduced to a certain Degree of Fineneſs, by the 
Teeth, and at the ſame time mix'd with the 
Spittle, a limpid Humour ſecreted, or ſeparated 
from the Blood by the Glands, for that Purpoſe, near 
the Throat, is tranſmitted thro' the Gullet, which is 
a Paſſage, behind the Wind-pipe, leading into the 
Stomach, lying, under the Liver, in the Abdomen 
or lower Belly, where the Parts are farther o- 
pened and diflolved by the Juices of the Stomach, 
and what we drink. 


Hzxcz 


—— 
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HEN CE it is gradually paſs'd into the ſmall 
Guts, where meeting with two other Secretions 
from the Blood, namely the Bile or Gall, and the 
Pancreatick Juice, the one contained in a Bag an- 
nexed to the Liver, and the other fupply'd by ; 
particular Gland, it is elaborated by the vermi- 
cular, or worm-like Motion of the ſmall Guts, 
continually promoted by the Act of Inſpiration 
and Expiration, into a whitiſh milky Subſtance 
call'd Chyle, From the ſmall Guts, the finer 
Parts of the Aliments are abſorb'd by the lacteal 
Veins opening into them, and by theſe are tranſ- 
mitted to the Receptacle of the Chyle, a ſmall 
Knot or Bag, placed near the Loyns, whence in 
the Courſe of ſucceſſive Digeſtion, it is puſh'd 
upwards, along the Thoracic Duc, lying conti- 
guous to the Back-bone, as high as the Shoulder, 
Where it is emptied into the left ſubclayian Vein; 
after which it proceeds regularly on, with the 
Maſs of Blood to the Heart, and thence forward 
continues to circulate with it, till by Degrees it 
becomes aſſimilated, then perfect Blood, and ſo 
helps to ſupply from time to time, the natu- 
ral Secretions, to nouriſh the Parts, to ſerve the 
Uſes, and repair the Decays of the animal Sy- 


JJ OG PI Eo ES (oy Too WR _ 


Ap truly admirable is the Diſpoſition of Parts 
in this whole Machine ; admirable the Execution of 
all its Functions; the Impulſe given from one Patt, 
always begetting Motion in another; that on the 
next, and fo on, thro' the whole Body. From 

the Circulation of the Blood, the Being, and per- 


haps 
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the Motion of the animal Spirits are deriy- 
ed; from the Influence of thoſe Spirits, over the 


all nuſcular Fibres, ariſes all muſcular Motion; 


ns WM £m muſcular Motion, the Circulation of the 
be Fluids is maintained, otherwiſe in a great Mea- 
n- WH fire ſtagnant; and from this Circulation, all the 
'2 Wl receflary Secretions for the Continuance of Life 
ne made, and the Veſſels of the Body are thereby 
o, kept ſupple, and preſery'd in a fit Diſpoſition and 
o By Readineſs for Motion. "= 
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0, ANIMAL INSPIRATION and 
EXPIRATION. 


HE Buſineſs of Reſpiration, wherein 
4! the Air is principally concerned, will 
„2 next come properly under Conſidera- 
toon. And this conſiſts of two Parts; 
Inſpiration, whereby Air is taken in- 
to the Lungs and Expiration, whereby 'tis thruſt 
0 out of them. Theſe are principally perform'd by 
te Power of the intercoſtal Muſcles, acting on the 
Amis, diſpos d in Form of a ſemicircular Arch, 
and articulated to the Vertebræ of the Back be- 
hind, and connected with the Steruum before, 
of which are the two Pivots or Centers, on which 


they are, as beforeſaid, made to move. 


4 
14 


t, 
w Tux Diaphragm or Midriff, is a Partition, drawn 
. © Uite croſs the Body, intirely dividing the Cheſt 
55 3 from 
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from the Abdomen or Belly. This is a Mufete, 
whoſe central Parts are tendinous, the reſt fleſhy 
having its Fibres EW like Rays, all round z 
1 We 

01 * Mee, n Ribs being rais'd as above, 
draw up the Diahpragm, and make it flat, where- 
by-the Cavity of the Thorax or Cheſt is enlarged, 
and the Air therein included, having no ſort of 
Communication with the outwatd Air, is inclined 
thereupon to dilate, to prevent which, and pre- 
ſerve it in a juſt Equilibrium, the Air from With. 

out, preſſes down the Wind-pipe, and dilates the 
3 inſtead of it. 


IN Expiration the Ribs falt; the Diaphragn 
preſs d by the. Liver, Stomach and Inteſtines in 

the Abdomen, under the Direction of the abdo- 
minal Muſcles, becomes concave, and contracts the 
Capacity of the Thorax, whereupon the Air 
therein inclos'd would be compreſs d, and become 
an Over-weight to that without; to preyent 
which, the Air, before taken into the Lungs, 1 
thruſt out of them ; they thereupon contract. And 
this is repeated every time we take . Breath; in 
doing whereof the Lungs are perfectly paſſive, 
and play only in Conſequence of the muſculat 
Motion before deſcribed, aſſiſted by the Action 
270 Influence ol the Atmoſphere upon them. 


"Tx E Afton of the Lungs in Reſpiration, i 
well repreſented by the Machine Fig. 8. Plate 8. 
wherein: A is a blown Bladder, ty'd faſt on pr 


nod of a Pipe B, denoting the Wind-pipe, and 4 
co 
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municating with the outward Air. D is a lax or 
looſe Bladder, fix'd to the Bottom of the Glaſs, 
fgnifying the Diaphragm ; the Air between the 
two Bladders in the Glaſs, that ſuppoſed pent up 
in the Cavity of the Thorax. This artificial Dia- 


jhragn being puſh'd inwards, the inclos d Air will. 


be condens'd, and bearing againſt rhe Surface of the 
artificial Lungs will comprets them, and force out 
their Air, as in real Expiration happens; and be- 
ing pulled out ward, the contrary Effect will ap- 
pear, as in real Inſpiration. Both Actions are re- 
preſented by Fig. 8. and 9. Plate 8. T nl 

Tux Exiſtence of the internal Air, ſaid to be 
included in the Cavity of the Thorax, is much 
doubted of, by ſome curious Anatomiſts, Who 
ſeem to think, that in final, and not the ordinary 
Degree of Expiration, the Lungs collapſe, and 19 
laye the Vacancy, appearing on opening the Cheſt, 
when a Subject is laid on its Back. And in Sup- 
port of this Opinion fay, that when a Body is o- 
pened by the Back, the Lungs are found, by the 
Mucus of the Pleura, to adhere to it all round; 
and of Conſequence, that like the Leather of a paix 
of Bellows, ſtuck to the Boards, the Lungs are 
made to expire and take in Breath, by the {imple 
Motion of the Cheſt itſelf. But as in morbid and 


ſemiputrid Bodies, when by the Heat attending 3 


State of Putrefaction, the Spring of the included 


Air may be allow'd to be increas'd, ſome Air is ob- 


kry'd to puff forth of the Cheſt, when an Inciſion is 
made, it is ſtill probable, that there is Air therein 
contain'd, Nor ought it to ſeem improbable, 
that a Body, fo fine as the Air, may pals =_— my 

udes 


| 
. 
_ KF 
1 
1 
1 
ö 
| 1 
1 
ö } 
1 
1 ; 
1 
: © 
ti 
TH N 
1 
* 
* 
j 
\ 
[ 
vi 
i ' 
* * 
N | 
t 
\ 
| 1 
] | 
* 
' 
„ 
41 
114, 
N 
F 
71 
j 
F 
50 
U 
i. 
( 
' 


Suge Sug tt —— — 
- 


= E — — - — —— 2 * 
= ' * TE. o _ ” SID 
r = oo » 


82 
— 


— = 


— 

— — —— —— 4 —⅛ 

_— U—U U— Oo — — — 
—— —— 


— * 2 — - — 
K . wn ron 


192 The Motion of FLUIDS, 


Tubes of the Glands, become incorporated with 
the Blood, and be again ſecerned from it; ſince 
ſo groſs and viſcous Fluids, as the Macus and 
* are evidently ſo; the one to lubricate 
the Pleura, lining the Cheſt, the other dreining 
into the Bronchia, to be coughed up, the Blood 
being thereby purged of the Viſcidities, continually 
thrown into it from the Aliments. 


WHENEVER any Animal, not of the amphi. 
bious kind, or one not living indifferently either 
in Land or Water, or InſeQs, are in the Pneu- 
matick Engine deprived of their outward Air, 
the internal Air, in the Cheſt confin'd, will na- 
turally dilate, and for want of a Counterpoiſe 
thereto, to ſupport and keep the Lungs diſtended, 
they will be contracted ; whereupon, the Blood- 
veſſels will be all compreſs'd, clos d, and the Cir- 
culation ſtop'd, whence the Animal falls into Con- 
vulſions, and without ſpeedy Relief, by the Ad- 
miſſion of freſh Air, certain Death enſues. 


THe Manner in which this is done, is aptly 
expreſſed, by Fig. 10. Plate 8. from which if 
the external Air, and with it the Air contained 
within the Bladder, be exhauſted, that remaining 
between the Bladder and the Bottle, will by its 
Spring dilate, and thruſt the Bladder, repreſenting 
the Lungs, on a Heap. 


AnD here it may be remarked ; that if an 
Animal has never drawn Breath, the Lungs, be- 
ing ſpecifically heavier, will fink in Water ; but 


after it has breathed the Veſicles of the * 
eing 


— OY A — 3 ww 


NATURAL and ARTIFICIAL. 193 


being diſtended with Air, will always ſwim. By 


this Method the Surgeon can ſay, Whether an In- 
fant, 88 188 to be maurthiered, was „ fill born, or 


not. 


On ANIMAL SucTION.. 


x Creature not an Hour old, is Maſter of 
W this needful Piece of Philoſophy ; ;" leſt 
= a wrong Idea however, ſhould be affix- 
P Sel ed to a good and uſeful Word, it may 

* be proper firſt to ſettle . by 
baltion, - is to be underſtod. 4 


7 


Ix order to this; take a Cu n put 
it the Mouth downwards, under a Receiver, open 
at Top, but which may, on Occaſion, be. clos d by 
the Hand, as Fig. 11, Plate 8. Exhauſt them 
together; on ſhaking the Pump, the under one 
will freely move, the other by the Weight of the 


Atmoſphere, will W by we AY faſt - 
nougn. | 


No w, were our Glaſſes fixed down to the 
Plate of the Pump by any Power of Suftion; ; they 
would, in this Inſtance; both beſo; which; 175 
trary to Fact. However, if we catch wget 
Hand from the Hole of the Receiver, and ſu = 
admit the Air, upon the Cupping-# plats from 
wore, that Machine wilb then be fix d toni bythe 

O Weight 


Weight of the Atmoſphere, thrown at once upon 
it, and the Receiver will then be at full Liberty. 
Which, to a Demonſtration, proves, that it is no 
Property of Suction, but the Air's Preſſure only, 
by which the groſſer Fluids are made to move, 
which might be farther evinced, by the Experiment 
mentioned, in the Hydroftaticks, Page 49. 


AN Animal therefore upon applying his Mouth 
to ſuck, diſtends his Cheſt, much as in the Cafe 
of Inſpiration, whereby ſtrictly ſpeaking, the Air 
is drawn, or fucked into the Lungs, at which 
Time, the rarer Air within, not being a Counter- 
paiſe to the denſer Air without, the. Water from 
the Spring, the Milk from the Breaſt, and the 
like, are forc'd into the Mouth, whence again, by 
working the Pump-work of the Parts of the 
Throat, acting on that Occaſion, as a double 
Valve, fuſt the Riſe of the Fluids into the 
Mouth, and then their Deſcent into the Stomach 
alternately. | 1d 4 
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On the $SÞRING or ELASTICITY of 
: the AIR. 


NATURAL and ARTIFICIAL. 195 
ringe, be crouded into Veſſels of Strength ſuf- 


| ficient, to bear the Compreſſure. In the Wind- 


gun, which is a Machine, ſhap'd lik d a Fuſil, into 


the Chamber whereof Air may be injeQted, by a 


fit Syringe, till it is of twenty times the Strength 
and Tenor of our Atmoſphere, and able to throw 
2 Bullet, by its Spring, thro” a Board, ſeveral times 
ſucceſſively, when part of it is let looſe by the Fall 
of the Cock. And yet ſhall not the aerial Parti- 
cles, in the greateſt Degree of Compreſſure poſſi- 


ble, be fo wedg'd together, as to. come to a ge- 


neral Contact; for that would entirely deſtroy its 
Spring, which is not to be done, It may, by 
working of the Pneumatick Engine only, and 
without any extraordinary Degree of Heat, to 
beighten its Spring be very much dilated, (accord- 
ing to Mr. Boyle's Experiments, at leaſt 13009 
times) yet ſhall its Parts, even then, not want 
for Spring, tho' it may be very weak. 


Tx x Expanſion of the aerial Particles may be 
better underſtood, if with Mr. Boyle, we conceive 
them, fine as they arc, and imperceptable to Senſe, 
to be like ſo many little Watch-ſprings, coil'd 
round and contorted ; but infinitely more per- 
fect. Since theſe act every Way, and every Way 
alike, in a ſpherical Manner, and by a certain Ros 
tation round their Centers, beat each other out of 
their proper Spheres of Activity. 


Sit Jſaar Newton, in his Principia, ſays; 
4 That if 2 Fluid conſiſts of Particles, repelling 
* tne another with a Force, reciprocal to the Di- 
* ſtance of their W Centers, ſuch Fluid 


2 4 will 
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« will have a Spring, reciprocal to the Space in 
which it ſhall be compreſs d; which is certainly 
applicable to the Air. For the component Parti- 
cles of this Fluid, endeavour to expand and recede 
from one another, with a Force ſo great, that all 
the Compreſſion in the World, is not able to over- 
power it, or ſo to condenſe them, as to drive them 
within the Sphere of each other's Attraction, and 
prevent their Elaſticity. 


Tux more the Air is compreſs'd, and its Den- 

ſity encreas d, the more elaſtick it ſtill is; becauſe 
the nearer its Particles are ſqueezed together, the 
more they repel, and endeavour to fly from each 
other. And let the compreſſive Power be ever ſo 
great, or continue ever ſo long, the Moment it is 
removed, they will expand and recede from one 
another, with a Velocity proportionate to the 
Compreſſion; that is, the Force by which the Parti- 
cles of the Air fly off from each other, increaſes in the 
ſame Ratio, as the Diſtance, in which the Centers 
of the Particles are diminiſned; or in other Words, 
the repelling Force is inverſely as this Diſtance. 


TRE Particles of Air are much compreſſed near 
the Earth, by the incumbent Weight of the At- 
moſphere, which being removed, they immediately 
evolve themſelves, and extend their Spherules, at 
firſt, to Spheres of large Dimenſions, as will be 
evident from inverting a Bolt-head, or a Florence 
Flask, almoſt full of Water, into a Jar, having a 
little Water in it. For on exhauſting the ambient 
Air, which before buoy'd it up therein, it will all 
gradually fink down into the Jar; and the ſmall 
* ® Por- 
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Portion of Air, which before poſſels'd but a little 
Room, will dilate, on the ſinking away of the 
Water, fill the Flask, and in the Courſe of Ex- 
hauſtion, probably ſome of it will be ſeen allo to 
riſe and bubble thro' the Water, in the Jar. This 
Experiment is repreſented, Fig. 12. Plate 8. 


As another viſible Inſtance of this Spring. Take 
a tight Veſſel, as Fig. 13. Plate 8. and fill it a 
quarter Part with Water; ſcrew into it a Pipe, 
reaching nearly to the Bottom, thro' whichafterwards 
inject a Quantity of Air. This, at every Stroke of 
the Syringe, will be forced thro' the Water, and be- 
ing a lighter Fluid than Water, will take Poſt above 
it. The Spring, of the Air injected, will become very 
conſiderable, and will bear againſt' the Top and 
Sides of the Veſſel, on one hand, and againſt the 


Surface of the Water, on the other; ſo that on 


opening the Cock, will thereby be ſorced up in a 
yery {mart Jet, and when the, Water that is all 
ſpent, the Air will follow, in a vigarous Blaſt. 


repreſented, is Plate 8. Fig. 14. 


| - *iA 5d: noictaga yo 21023 Yer Brings 
Bu r to certainly determine, what the natural 
Power of the Spring of the Air is near the Earth: 
Put a Quantity of Quick-ſilver into a circular Vial. 
Screw a Tube, open at Top in its Neck, upwards 
of 31 Inches long. Place it under an Apparatus 
1 O 3 that 
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that may be exhauſted, which done, the Air in 
the Vial pent up, will expand, and by the Power 
of its Spring, raiſe the Mercury to the fame 
Height, within a Trifle, as that in the Gage-tube, 
from the Preſſure without. And 'twould wholly do 
ſo ; but that the natural Spring of the Air, when 
Part of the Mercury is thruſt from the Vial into 
the Tube, will, by that Expanſion, be ſome» 
thing weakened. Nor can the Force of the Air's 
eneral Spring and Preſſure be other than equal, 
ince the Action of the one, and the Re-aQtion of 
the other, are according to the Laws of Nature al. 
ways equal, and contrary. This Experiment is 
repreſented, Plate 15. Fig. 8. 


A notable Inſtance of the Power of this Spring, 
may be given, in raiſing a great Weight: Which is 
to be done, by tying up a Quantity of Air ina 
ſtrong Bladder. Let this be either ſuſpended, in a 
larger Receiver, with the Weight at the End ont, 
as ſuppoſe that, Fig. 5. Plate 8. to be, or elle let 
it be thruſt into a cylindrical wooden Veſſel, to con- 
fine it from ſpreading ſide-ways. On this let the 
Weights be laid, as Fig. 16. Plate 8. Exhauſt the 
Receiver of the ambient Air, and that inclos d will, 
by its Expanſion, raiſe the Weights with much Eaſe. 


ANOTHER Evidehce of the Power of this 
Spring may be had, by confining the Air within 
a ſquare Vial, not over ſtrong, which when the 
 Atmoſphere's Preſſure is removed, will throw the 
Sides out Wards: To preſerve the Receiver therefore, 
a {mall Wire- cage is commonly put over it, as in 
Fig. 17. Plate . | nes po | 

HE 
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Trex following is an entertaining Experiment 
made on the alternate Contraction and Expanſion 
of the Air. It was hinted at in the Hydroſta- 
ticks, Page 113, and is here repreſented Plate 8. 
Fig. 18. Take a ſmall glaſs hollow Image, that 
will ſwim in Water, having a made Hole into the 
Cavity at Foot. Put it into a Jar of Water, under 
a Receiver. Exhauft Part of the Air, and ſud- 
denly letting it in, again, Water will be thereby 
preſs d into the Cavity, and filling it in Part, 
will make it probably ſpecifically heavier than an 
equal Bulk of Water; 'twill then ſink. This 
done, attenuate the Air in the Receiver a ſecond 
time, when the Air, ftill remaining in the Body 
of the Image, dilating, will puſh forth part of the 
Water, cauſing it to emerge, and thus may it be 
made to riſe or ſink, in that Fluid, as often as the 
Experiment is repeated, as at the Word of Com- 
mand. > "- 2s 


Tux Uſe of the Air-veſſels in Fiſh, is fome- 
thing of the Nature of the preſent Experiment. 
The Fins of theſe Creatures are not alone able to 

ive them a due Command of Motion, in all 

pths of Water: They have therefore a Blad- 
der of Air within them, fo diſpoſed, that by 
contracting or dilating thereof, by the Power of their 
Muſcles, they can at all Times fink into the Deep, 
or riſe to the Surface of the Water, with great Re- 
adineſs and Eaſe. But when an Animal of this ſort 
comes, in a Jar of Water, to be in Vacus the Air 
in the Veſſel beforeſaid, will ſo expand, as to keep 
him wholly above Water, againft his Will. 
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Fo the ſame Reaſon, a piece of ſoak'd Spunge, 
when firſt put into Water, will perhaps, ſwim 
near the Surface. But when the Air, aſter ex- 
hauſting, has freed itſelf from many of the ſmall 
Veſicles, which it before poſſeſs d, and of which 
that Plant is compos'd; and when, upon a ſudden, 
Re- admiſſion the Air into the Receiver, Water is 
forced into them inſtead, twill then probably ſink; 
but on repeating the Exhauſtion it will riſe, unle 
there ſhall be no Air left in thoſe Cells to expand 
and make it again ſpecifically lighter than an equal 
Bulk of Water. | 


Fo a like Reaſon, Timber dug out of Bogs, 
and other moiſt Places, will ſeldom ſwim in W+- 
ter; the Particles whereof having, by various 
Accidents, in a great Length of Time, diſlodged the 
Air from the Vacuities of the Wood. Whence it ap- 
pears, that Wood of itſelf, is no otherwiſe com- 
paratively lighter than Water, 'than as it has many 
Pores filled with Air, a Body many times lighter. 


TERRE is a ſmall Quantity of connate Air 
commonly inclos d, at the bigger End of an Egg, 
between the Shell and the Film that lines it, which 
being dilated, by the Warmth of the Hen fitting, 
gently heaves the Contents, and ſo contributes to 
the Formation, and Production of the Chicken. 
This little Portion of Air, on opening the ſmaller 
End of the Shell, turning it down into a Jelly- 
glaſs, and exhauſting the gutward Air, will not 
only expand, ſo as to ſeparate the, ſaid Membrane 
from the Shell, to which it uſually adheres; 15 
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alſo will thruſt both White and Yolk thro' the 
Hole, into the Glaſs, which on re-admitting of the 
Air into the Receiver, will thence retire, being 
forced by the Weight thereof, again into the Shell. 
The Expanſion of this included Air will be more 
evident, if half the Shell be cut away, the Con- 
tents remoyed, and the Experiment repeated. 


BETORE this ＋ is diſmiſs d, the De- 
ſcription of Hzero's Fountain, playing by the 
Spring of Air condenſed, by Means of a Stream 
of refluent Water, will 'tis hop'd, not be unac- 
ceptable. Fig. 1 Plate 9. repreſents a tin Ma- 
chine, conſiſting of two equal Veſſels A and B, 
both Air-tight, and communicating. by the fide 
Pillar hollow, marked C. The Veſſel B has a Pipe 
leading from the upper Baſon of the Machine E, 
into which the Jet falls, quite thro A, and reach- 
ing nearly to the Bottom of B. By Water poured 
in at E, B may thereby be charged half full, or 
more; and by turning the Machine, the Water will 
thro' C. deſcend and charge A in like manner. The 
Pipe C continued nearly to the Top, will alſo pre- 
vent the Return of the Water, when the Machine 
is ſet again on its Baſis. This done A will be 
charged with part Water, part Air, and B will 
contain . Air only. Then pour as much Water 
in again at E, as will fill the Tube, and the 
Weight of Water between E and D, endea- 
vouring to force its Way into B, the Air both in A 
and B will be condenſed, and preſſing the Surface 
of the Fluid in B, the Jet will begin to play a- 
bove, with a Force equal to the Difference of the 
Reſiſtance of the common Air, into which it riſes, and 
Wh the 


202 The Motion of FLUIDS, 
the Puſh of the denſer Air in the Machine incloſed. 
And this Cauſe being uniformly continued, by 
the conſtant deſcending of the Jet-water at E 
the Effect will not ceaſe, till B ſhall have parted 
with moſt of its Water, and then the condenſed 
Air will follow it likewiſe, thro' the Jetting-pipe 
F, in a Blaſt, 


ſphere's Preſſure in Cupping. In doing whereof, 
the Operator generally takes a ſmall Glaſs, and 
holds it a little over the Flame of a Lamp, 
whereby the Air being heated, Part of it is thruſt 
out. The Glaſs then ſuddenly being clap'd on the Part, 
the inward Air in cooling contracts, and the Glaſs 
adheres to the Fleſh, from the Difference of the 
two Preſſures; and the Expanſion of the Air, in 
the Fleſh contained, cauſes it immediately to ſwell 
out into the Glaſs, which being then remoy'd, that 
Part is wounded by a Scarificator, a kind of Lancet 
with many Points, and the - Glaſs being again 
warmed, and apply'd to the Place as before, Blood 
| and Seroſities are from theſamewsz. Cauſe, the Spring 
} of the Air in the Fleſh, forced from the m_—_ 

Age efſel 
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Veſſels into the Glaſs, and when one has done its 
Office and drawn enough another is apply'd, till 
the intended Quantity is taken. 


I inſtead of putting the Glaſs, when warmed, 
on the Fleſh, it be clap'd into a Plate of 'Warer, 
the immediate Riſe of the groſſer Fluid into the 
Machine, will preciſely determine, to what De- 
gte the Air therein, was rarified by the Flame. 


THE new and beſt Way of Cupping is, by the 
exhauſting Syringe, tho' the generality of Opera. 
tors do not uſe it. Theſe Gentlemen by Flame, 
cannot well rarify, the Air of a Cupping-glaf, 
more than one half. By the Syringe, a very few 
Strokes will totally exhauſt it. The Difference 
of the Preſſure in either Caſe, is very conſiderable. 
If the Cupping-glaſs be two Inches oyer, the 
Preſſure from without, may be perhaps, twent 

Pounds in the firſt Caſe ; in the ſecond, twill 
exceed forty. . The Spring of the Air in the 
Fleſh may very well reſiſt the firſt ; but not being 
equal to the laſt, the Veſſels will be clos'd under 
the Weight, and the deſired Effuſion of the 
Fluids ftop'd. One Stroke on the Syringe, per- 


haps half a one, may produce the Effect intended 


by this Operation, and two or three may defeat 
it intirely, for want of Judgment in the Uſe. 
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On the RISE of the Sap in PLANTS, 


Rl S contain a great deal of Air, 
ss may be demonſtrated, by placing 2 
Q ſhrivell'd Apple under an exhauſted 
Receiver, which will thereupon be- 
come fine and plump ; and if the Fruit 
be over-mellow, the Skin will probably burſt, and 


part of the Pulp will be puſhed forth in Froth. 


Tux Air contain'd in Fruits doth not a little con- 
tribute to their Growth, PerfeQion and Maturity, as 
will appear, from conſidering the Manner, in which 
the Circulation of the vegetable Fluids is effected. 


Ir we take a ſmall glaſs Bolt-head ; heat it at 
the Candle, and put the End of the Stem imme- 
diately in Water, that Fluid, on the cooling of 


the Machine, will be made to riſe up the Stem in- 


to the Head, on the Condenſation of the Air, 


before expanded by the Heat. 


Tx 1s Experiment will, in ſome fort, intimate 
to us, the Progreſs of the vegetative Sap, and the 
Cauſe of its Riſe. The Head of the Machine re- 
preſents the extreme and tender Parts of the Plant; 
the included Air, the Fluids lodg'd in thoſe Ex- 
tremities, and in general, thoſe contain'd in = = 

. cl 
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Cells of the Tree. The Heat apply'd, denotes 
that of Sun in the-Day-time, which not only at- 
tennates the Viſcidities of the Sap, but alſo ſerves 
todilate and enlarge the Cavities of the Plant, and 
make it ſhoot. The Liquor riſing in the Stem of 
the Glaſs, ſignifies that of the Juices imbib'd from 
the Earth, by the Fibres of the Root; whence 
they paſs, by ſmall Canals, up the Body of the 
Tree, forwarded probably allo, by the Attrac- 
tion of Coheſion within, no leſs than the Preſ- 
ſure of the Atmoſphere from without, eſpecially 
when the Fluids come to be again conden- 
ſed, in the more tender Parts of the Plant, by 
the ſucceeding Cold of the Night, which in Win- 
ter, is ſtill more remarkably ſo; for then it is 
that the Summer Shoots harden into Wood. 


War greatly contributes alſo to the Move- 
ments of the circulating Sap, is the great Mixture 
there is of Air in moſt of the groſſer Fluids, which 
in the exhauſted Receiver, will viſible ariſe from 
them like Steam, and get away, as may be try d by 
White-wine, and indeed any tranſparent Liquors 
that have undergone any Degree of Fermentation. 
Theſe are always replete with Air: Small Beer in 
particular, is very much fo, the Particles whereof 
in Vacuo evolve themſelves, and get away, not- 
withſtanding the Vicidity of the Liquor very not- 
ably. It may be obſerved, that all Liquors, by 
this Operation, become vapid and dead. 


Ir may be alſo remarked, that the Bubbles com- 
poſing the Froth, in theſe Experiments, always 


throw themſelyes into an hexangular Form, which 
is 
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is the only Polygon that will on all Sides meet, . 
as to leave no Vacuities between them. The ty. 
bular Cells, made by the Bees, in forming their 
Combs, are always of this Shape. For, thiy 
Ducts of this kind, they can paſs with more Con- 
venience, than if they had been either ſquare or 
triangular. And had they been of any other Form, 
they would have been incompact, and leſs agree. 
able to the Sagacity and Contrivance of thole cy. 
' ions little Animals. oy FN 


WATER, even cold, will viſibly yield a good 
Quantity of Air, when the Atmoſphere ceaſes to 
preſs on its Surface: But whenever the Spring of 
the incorporated Air is heightened, by any Degree 
of Heat, it will, on the Pump, appear to boil a 
- ſo as ſometimes to flaſh over the Cup. | 


x may, in making this Experiment, be ob- 
ſerved, that in this Ebullition of the hot Water, 
Part of the Heat will have quitted the Water, and 
be communicated to the Receiver, whence 'twill 
appear, that Heat and Cold are not conveyed to 
Bodies, by the means of the Air. Beſides, it is 
found by Experience, that Heat is propagated 
thro' a Vacuum, with the ſame Eaſe and in the 
ſame Manner, as thro' the Air: For if a Thermo- 
incter be ded in Vacuo, it will undergo 
preciſely the tame Variations, with one hung near 
it in the Air, which ſeems to be occaſioned 
by the Vibrations of a Matter, fine enough to 
pervade the Pores of a Body, ſo denſe as Glaſs. 
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On the THERMOMETER. 


23322 ITHOUT entering into the Nature 
205 ret of thoſe primary Qualities of Bodies, 
1 & Heat and Cold, Points very much 
controverted among the Learned, 
we for certain know, that Heat di- 


I Nt N 
270 8 
ates, and Cold contracts all Natural Bodies. 


Tur they have this Effect upon the moſt 
rigid, as Metals, So. appears from the common 
Experiment, of exactly taking the Length of a 
Bar of Iron cold, as between the two Checks of 
: Lathe. Heat it, and 'twill be ſo expanded 
in Length, and proportionably in Breadth, that it 
will evidently exceed the former Meaſure. And 
that theſe Accidents produce the fame Effe& on 
fluid Bodies, was fully proved by the Experiments 
made with the Hydroſtatical Balance, mention- 
ed Page 127 ; and the ſinking of the Water-poiſe 
deeper, in Liquors that are warm, ſhews them to 
be dilated, from their being leſs denſe and buoyant, 
in that Circumſtance, than when they were con- 
denſed by Cold. | 


AN p that Heat and Cold will act in like man- 
ner on the Air will appear, on filling a Vial, one 
ſourth Part with Water, or Mercury, and ſcre wing 
a Tube, of ſome Length into the Neck, reaching 
nearly to the Bottom, as AB, Fig. 2. Plate 9. 
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Blow Air thro' the Tube, twill lodge in the up- 
per Part of the Phial, the Spring whereof. will 
cauſe the groſſer Fluid to rife, ſuppoſe to C. Im- 
merſe the Machine in cold Water, the Air in the 
Vial will immediately contract, ſhewn by the De- 
ſcent of the Fluid from C, perhaps to D. Take 
it out of the Water, and lay a warm Hand on the 
Bottle 'twill ſoon dilate, and -puſh the Fluid up 
the Stem, ene to E, 


Ir a Flask of Water, filled to half the Neck, 
be however immediately ſet on the Fire, the Fluid 
will at firſt fink therein, occaſioned probably by 
the Expanſion of the Glaſs, and Enlargement 
of its Capacity by the ſudden Heat. But in a 
little Time 'twill riſe again, and continue ſo to do, 
by the ordinary Action of the Heat, to the Fluil 


apply'd. 


Ov & Organs of Senſation being in a State of con- 
ſtant Mutability, are unfit to direct us to a poſitive 
Judgment of the Degrees of Heat or Cold, in any 
Medium. For the Breath, which in the Summer 
ſeems cool to the Fleſh, in Winter appears to be 
warm ; and if we put a very warm Hand into 
Water, moderately heated, and afterwards 2 
cold Hand into the ſame, it will appear warm 


to this, and cold to that. But in this Matter the 


Thermometer will certainly afſiſt us, 


Tr1s Machine is ordinary a ſmall glaſs Ball 
thin, having a long hollow Stem. - The Air being 
thence extruded by Heat, 'tis filled to a certain 


Height and Degree, according to the then T _— 
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of the Air, with coloured Spirit of Wine, a Fluid 
not ſubje& to freeze. This done, the upper Part 


of the Tube is by a Lamp ſealed up, with 


common Air in it. The Uſe of which is by Ex- 
rience found, to aſſiſt the Motion of the fluid Co- 
amn, and hinder it from dividing in the Tube, 
when the Spirits contract, upon which, otherwiſe, 
Part of it might be apt to hang by the Way, the 
Tube being commonly ſmall, and the Attraction 
of Coheſion, between that and the Spirit, there- 
fore ſtrong, | f 


Tu is included Air will, on the dilating of the 
Spirits indeed be condenſed, and therefore the curi- 
ous Artiſt uſually makes an Allowance for it, by 
placing the Diviſions of the Scale at different Di- 


ſtances, For by the upper Part of a Scale, equally 


divided, it 'might indced be diſcovered, that the 
Heat of the Medium was increaſed ; but it would 
be difficult to judge by it, how much. 


Tu E original Thermometer, invented by Dr. 
Hook, had a Tube unſealed at Top, which tho' it 
might ſerve the preſent Occaſion tolerably well, in 
aſcertaining how much the Heat of the Hand or 
any Liquor, into which' it. might be put, exceeded 
that of the Air ; yet would it but uncertainly de- 
termine the Degree of Heat in the Air in general. 
Becauſe, being expoſed to the Atmoſphere, it 
would alſo be affected by its Preſſure, and of eon- 
ſequence riſe ſometimes too much, ſometimes not 


Tv 
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enough; tis therefore, at preſent, qut of Uſe. 
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77 Un 18. leads 1 4 however, to deſeribe a. very 


ufeſul Machine, contrived, by the ſame Gentleman, 
viz. the Marius Barometer, conſviflipg of two 
Thermometers of equal, Length, each 30 Inch 
perhaps, fixed in the ſame Frame, tide. by fide, 
as Fig. 3. Tlate 8. One of which. 18 | 
Thermometer, now in Uſe ; the other differed from 
it, only in having an Opening at P, whereby it 
was, expoſed, at Foot, to the Gravity of tho Ai, 
as well as affected by its Temperature, as, to Heat 
and Cold. We'll ſuppoſe theſe two Machines put 
together and filld, when, all theſe were in a mid- 
ale Ways, that is, the Weather, at changeable 
the Air temperate, and fitted en Sales 
and Indices, hhus diſtinguiſhed. If then rhe Ee 
> of the Air happened to be augmented, and its 
Temper not alter d, the Conſequence was, that the 
Liquor roſe in , ſuppoſe to A7 kept ftatiqnaty 
in A. This intimated the Air to be more buoy- 
ant, and conſequently that fair Weather might 
be expected. Mhereas had. the Thermometer 4 
nien by an, Increaſe of Heat, in a Ike, Degree, 
ſuppoſe to e, tyyould have indicated the. Weather 
indeed f Warmer; but e he plition 
with regard to. Weight, as! When the Inurument 
was fiſt aGjuſted ; and the,contrary, had. they funk 
in the ſame Degree, as to Cg. . Thele Alterations 
were calily, Oer ved therean, by means of a Jiding 
Index fixed. to a Wire, as Hl. 
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ble Waſting of the Spirits, ex- 
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pos d to the Air at D, eſpecially in hot Countries, 
was an Inconycnience, that the late Mr. Patrick 
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remd ved, ie ſubſtituting Quick-filver-m its Room. 
His Method was this. A, Fig. 4. Plate 8. is a glats 
Veſſel, capable of holdinga Quantity of Air. B, in 
the Neck on't inveited, is a ſmall Ciftern of Mercu- 
ry, coyored toward che Glaſs witha porous light kind 
of: Woodg to keep it from ſtroging to and fro in Cars 
e s which the Spring of the Air included in 
A, mapbat any Time caſiby act on, and preſs the Sut- 
face of the Mercury. Theſe lie out of Sight; but 
the recuiv d Tube E, communicating with B, and 
thro-which-it may be eaſily filld with Mercury, 
to the Level B D, whiete the graduated Scale 
ought to begin, is produced to View; aud is deno- 
ted in the Draught by the Letter E, Fig. 5. 
Plate 8. which is the Inſtrument put together. 
H is the Stem a common Thermometer, ap- 
peauing alſo to View, the Ball and upper Part 
whereof art bent back ward and diſpdſed:of within 
G and. am two fia d Scales unequaitydi& ided, each 
mat Red with the Diſtinctions and Terms of the 
Thermotneter- I and L are rwo-fliding Scales, 
pwpeny divided, niarked, as is the Barometer, with 
the Defignations'of the Weather, and the ordina- 
y Divifions of Inches and Decimal Parts, between 
28 and 31, between. which, the Mercury in the 
common Barometer, uſually ſtands. Theſe belong, 
as the fixed Scales do, to either Tube one. 


No w if thefe Machines be put together, when 
the Air is in a middle State with regard to Heat 
and Weig hr, the tinged Spirit in Hi will of itſelt 
naturally ſtand againft Femperate on K. And by 
blowing; or forcing: Air into A, thro the Mercu- 
ry, by: the Aperture at E, the Spring thereof 

Rol 2 may 
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may be ſo increaſed, as to throw the Mercury from 
the Level BD, Fig 4. to the fame Height on 1, 
as the Spirit ſtands on K. Things thus adjuſted, 
ſhould both Machines riſe or fall equally, twill only 
indicate a Change in the Temper of the Air as be- 
fore; if unequally, 'twill alſo ſignify an Altera- 
tion, in Point of Weight, to have happened there- 
in; the Degree of which may be diſcovered thus. 


Oz5srRve againſt what Diviſion of the fix d 
Scale, the Section of the Fluid, in either Tube you 
pleaſe, then ſtands, and ſlide the moveable Scale, on 
the other Side, along its Groove, till the Index, al- 
ways fix'd at the Word Changeable thereon, points 
at the very Diviſion of the fix d Scale, thereto be- 
longing, which the beforeſaid Section of the Fluid 
obſer vd, directed to; and the Section of the Fluid, 
in the other Tube, will on the ſaid moveable Scale, 
point out the true Diſpoſition of the Weather, at 
the Time of obſerving. For Inſtance, the Mer- 
cury in E ſtands againſt 40 on J Then move L, till 
the Index thereof points likewiſe at 40 on K, and 

the Section of the Spirit will, on its moveable Scale 
L, point out what Weather may be .expeQed, 
with the Inches and decimal Parts, at which the 
Mercury, then ſtands, in the Torricellian Tube; 
and fo vice verſd. | 


\ 


As the Obſervation may be taken on either 
Side of theſe combin'd Thermometers indifferently, 
they will always certainly agree, as to the Weather; 
and with regard to the Temper of the Air, that 

may be known by Inſpection, from the Spirit In- 
ſtrument alone. The Machine is about 2 1 
ong, 
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long, eaſily carried, and equally uſeful by Land or 


AccoxDinG to the Improvement laſt mention'd, 
contrary to the Uiage of all other Barometers, the 
Mercury ſinks, in Token of fine Weather, and riſes 
on the Approach of foul; the Air's Preſſure coming 
from above, the Tube being open at Top. Its 
Scales are larger conſiderably, and the Diviſions 
more diſtin, than thoſe of the common Barome- 
ter: Since the Temper as well as the Weight of 
the Air are concerned in its Performance. Dr. Hal- 
ley had one of them with him in his South-Sea 
Voyage. He gives it a good Character, and ſays, 
he met with no Storm, which was not evidently 


foreſhewn by it. ' 
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On the Hy GRO METER. 


0 HIS Inſtrument ſhews the Diſpoſi- 


tion of the Air, as to Moiſture and 
I y Dryncſs, and may be of Uſe in judging 

WH when it may be proper to air Rooms, 
" for the fake of the Furniture, and 
may be very eaſily made ſeveral Ways. 


As firſt, either by ſuſpending a little Weight, 
at the End of a well twiſted elaſtic String; ſup- 
pole a Whip-cord, or elſe by fixing ſuch a 

7 12 Weight 
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Weight, in the middle of ſuch a String, hung looſely 
over a couple of Tacks. The Moiſture in the 
Air will always contract the Cord, and raiſe the 
Weight, and in a dry Scaſon it will naturally length- 
en and lower it, The Weight. in this Caſe, will 
ſerye as an Index, and a jg Marks, made..on 
a perpendicular Scale, will ſhew the Variations of 
the Air, in theſe particulars, very ſenſibly; as may 
in a little Time be diſcovereq, by taking it, if 
portable, into a damp Vault, and then ſetting it 
afterwards near a Fire. 


Tux twiſted Beard of a wild Oat, with a ſmall 
Index fixed t9 it, and a circular Scale, will make 
an excellent Hygrometer; for it will move by the 
Humidity of the Breath, while you look at it, 
unleſs particular Care be taken to prevent it. 


CAT-Gur will alſo ſerve this Pyrpoſe very 
well, as may be obſerved, by the coming forth of 
the Man, or his Lady depending on ſuch a String, 


from the Dutch Toy, called the Weather-houſe, 
well known among unn. 


WHEN the Air is moiſt, the Particles of Ma- 
ter, floting abundantly therein, fix on u Dedies 
expoſed thereto, and enter the Pores of uch a8 
are of a looſe and open Texture, ſo dilate and {well 
them very much. Hence wooden Doors, Drawers 
and the like are found to ſtick in moiſt Weather. 
If Wood be not painted, it imbibes them as faſt as 
they come; if it be painted, it ſettles thereon, and 
in damp Weather the Wainſcot\ſeems to ſweat, and 
the Moiſture often gutters dowh in Drops. Glaſs, 

i 1 Marble, 
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Marble, aud other denſe Bodies, bf a ſmooth Su- 
face, ſhew us this on all Ocoaſions; but Gordage 
er the like, eaſily admit them into their Vacur- 
ties, and produce the Effect propoſed. 780 


Tux there is a good Quantity of Water in 
the common Air, at all Times, appears from the 
Halo, always ſeen in a clean Receiver, while ex- 
hauſting, if the Candle be on the: oppoſite Side. 
The watery Particles, diſperſed evety where, thro' 
out the whole Body E the Atmoſphere, according 
to the Degree er its Denſity, intimately mixed 
thete with, and thereby ſuſtained, are generally too 
minute to be viſible ; "bur when the Air comes to 
be attenuated to a certain Degree, they then begin 
to fall, and running precipately together, become 
apparent and evident to Senſe. The whole Glaſs 
then ſeems fill'd with a Miſt, and the Candle, 
view d thro' it, appears to de enciroled With a 
colouted Ring; and when the Air is whelly ex 
hauſted, theſe {inal Drops, either fall to the Bot- 
_ or ſettle on the Sides of 2 Wer in 4 

n 


1 HIS will alſo farther appear from the Dew, 
that in hot Weather eſpecially, is collected on the 
outſide of a Glaſs, or other ſmooth Veſſel, upon the 
ſudden pouring in of cold Water. By the: great 
Degree of Cold, the wat'ry Particles, in the adja- 
cent Air' are at once condenfed on the Surface, 
and become immediately viſible thereon. The like 
alſo happens in very cold Weather, from a Con- 
denſation of the aqueous Particles, floting in the 

T4 Air, 
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Air, within a Room, which, if the Weather be 
inclined to Froft, will ſoon cruſt over the Glaf 
with Ice ; but if it be open Weather, they ordi- 
narily gutter down it in Drops. 


WarM: Air, will always receive, imbibe and 
diflolve more Water than Air cold, in the fame 
manner, that warm Water takes in more Salts, 
than will a like Quantity cold. This appears to 
be fo, from the Moiſture of the Breath, wholly 
inviſible in Summer-time, it being then eaſily re- 
ceived into, and incorporated with the warm Air: 
But quite otherwiſe in Winter, when being con- 
dens d, as it proceeds from the Mouth, by the ad- 
jacent Cold, it is with more Difficulty received 
therein; the Breath therefore remains viſible, 
after Expiration, for a Time. 


AN p on the contrary, Water will abſorb good 
Quantities of Air: For if Water be well boil'd, 
and left to cool, 'twill be pretty well purged 
of its Air; take then a glaſs Vial thereof, ſtop 
and invert it, leaving a Portion of Air of the 
Bigneſs of a Hazle-nut ſuppoſe thereon; in 24 
Hours time, this will diſappear. Put in more Air, 
"twill decreaſe in more Time, and at length be 
wholly incorporated with the Water, increaſing 
the Bulk of it proportionably ; but whes the 
Water is well impregnated, and as it were ſa- 
turate therewith, 'twill then take in no more. 


On 
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on the ORIGIN and PROGRESS of 
the WINDS. 


{HE Air has been prov'd by many 

Experiments, to have in it a very 
f 23 fine and lively Spring, whence it en- 
N F< deayours, when tis either contracted 
or dilated, to return to its natural 
Degree of Denſity. But as a farther Inſtance of 
this, we may exhauſt any Veſſel of Part of its Air 


apply the Flame of a Candle to the Mouth, a 
on opening a Cock, the outward Air will ruſh in, 


and by the Motion of the Flame ſhew it does ſa. . 


And again, if the Air be condens'd in the Veſſel, 
the included Air will puſh out, and puff the 
Flame outwards, till the Degree of its 'natural 
Denſity within, equals that of the circumjacent 
Air without. - 


Fo R this Reaſon, the Air, within a Houſe, will 
always be of the ſame Weight and Denſity with 
that without ; ſince it cannot. but freely commu- 
nicate there with, by the Windows and Outlets. It 
will therefore equally preſs on all Bodies, and evi- 
dently raiſe the barometric Mercury, as much 
within Doors as it would without. 


THe due Conſideration of this Endeavour of 
the Air, to maintain an Equilibrium in all its 
Parts, 
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Parts, will aſſiſt our Conception in the out + the 


25 Capic of the Winds. 


1 Fluids, by the Laws of Hydroftatick, 
* to remain in a State of Reſt, and by 
conſequenoe immediately move, to make good the 
Defect, whenever this Reſt is interrupted ; the 
Atmoſphere then is naturally inclined, to maintain 
a peaceful Situation, in form of a hollow Sphete 
or Shell, all round the Earth; but various Acci- 
dents often conſpire to diſturb its Repoſe, and 
8 put it into very violent Motions. 


o theſe accidental Cauſes, node procure ſo 
conſtant and certain. — in fluid Bodies, as 
Heat and Cold. It has been already hinted, * 
a Gallon of Water may be ſo dilated by Heat, as 
to make between — and . fourteen thouſand 

times that Quantity of Steam; and tis evident to 
every Eye, that in boiling only Water, enlarges 
its Dimenſions, very much. A Gallon of Water, 
over a brisk Fire, for Inſtance, will eafily fill 4 
two Gallon Veſlel, and be made eyen to overflow 


it, to which the Air, incorporated with the Water, 


may perhaps not a little contribute. Nor is there 
any Room to doubt, but was a Bladder of Ait 
thruſt into boiling Water, the Spring of it would 
be ſo heighten d, by the ſudden Hegt, as to burſt 
the Bladder immediately. 


N ow as the Sun continually ſhines on a great 
Part of the Earth; and its Atmoſphere every Day, 
his Bcams heat and exhale Vapours from the one, 
and rarify and expand the other, according to 1 

C- 
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Degrees of Heat, in the ſeveral Latitudes of the 
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Earth received... Between the Tropi 
part or other of the torrid 2 ly ; of con- 
{quence therefore, the Air muſt be very much 
heated there. In other Cliniates the Heat 6 thi 
Sun is greater or leſs, according to their Situfition 
and the Obliquity of their Aſpect with regard to 
him; and the Rarefaction of the Air ig either G 
Heat, to which it is expos d. % % + Bi 
1791 H -1572Q e cin 57 9 
Fug M Lis E of the — 
rein produce d, the. Farts adjagent bein 
tlereby out of their Places. This is GY: | 
done, till the Sun has paſt the Meridian; when 
bis Heat abating, the Air, before heated and rari- 
jd thereby, comes to be gradually condenſed, by 
the ſueceeding, Cold, and then according to the 
Nature of Fluids, the denſer and heavier crowds 
gain into the Vacuity made; and thus a Flux ot 
Current of Air is produced, or what we call a 
Wind rais d. : 70% 3207 nile a vr N 
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2 biekgssloß to he AFFAIR « 


2 * + CHIMNIES, Oc. 


—* 4% make "this anni by a common 
i t, let us turn our Thoughts 
L on the Wind-ſtove, which has a Plate 
co flip down, before the Cavity of 
the Chimney, in order to contract the 
Chaniel, and confine the Stream of Air, by which 
the Fire is to be blown up. We know, that when 
this. Plate is down, if the Fire be well kindled, 
the Air will ruſh/thro'-the Bars, in a kind of Tor- 
tent, and make. the Coals burn, with great Ve- 
hemence. But if the Fire be low, the Stream, 


that ſets. into the — will be ſcarcely per- 
e 2882 1 


No wi ts. pili, that both the Air in the 
Rom and — before any Fire was kindled, 
might. very probably be in a State of abſolute Reſt 
and did not the Heat of the Fire attenuate the 
Air round it, 'twould fo continue: But being ex- 
panded thereby and rarify d, it becomes lighter 
than the Air adjacent, and conſequently emerges 
therein, by Hydroſtatick Laws, and mounting up 
the Chimbey with the Smoak, the denſer Air 
riſes-out of the Room continually, by its greater 
Preſſure to ſupply the Vacancy; and thus for the 


fame Reaſon that blown Bladders rite in Water, 
2 
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Sroye is Propagated. 


By a Current of Air or Wind of this fort the 
Machine called the Smoak-jack, is driven mon 
It conſiſts of a circular Set of Vancs, 
the Sails of * Wind-mill, obliquely to — 
Courſe of the Wind, in — >. ne De- 
on grees, if they are made to do their utmoſt, Theſe 


is WF are fixed _ 4 vertical Shaft ar ; Ppindle, 5 
of the 


ic Wl they, impelled by the conſtant Ri 


of Wl of the rarify'd * turn, when the Fire is hot and 


e clear, very briskly, acting as does the Water 4 
h Wl the Blade of an Gar, or the Floats. of a 


n wheel, and is of good Service in the Uſe co wh 
\ Wii apply d. Whence it ap 


ch 
pears, that the Heat, not 
me Smoak, deriv'd from the Waſte of the a is 


the true Cauſe of Motion, in this Machine. 
| 1 6 * 

An entertaining Bares to 8 like Pur⸗ 
poſe, might be made by a paper Lanthozp aden 


Frame of tin Vanes,- diſpoſed in the manner above- 
aid, each four or five Inches long, and one and a 
half broad. Under this Machine, the Center 
whereof is to be hung on a fine Pivot, ſet 


commonly ends in a Point, becauſe it there very much 
heats the adjacent Air, and that continually ris 
ſing from about it, by Virtue of that Heat, draws 
out the Flame, alſo endeavouring to riſe along with 
it, in Length, and makes it pointed, in the Place 


z ſucceſſive Flow of Air or Wind by this _ of 


ed with Figures, fix d to a very light circular 


put a lighted Candle, the Flame whereof we obſerve 


where the Heat is moſt extreme, The _ thus 
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rerify'd, will iſewithinthe Paper; and giving the. 
ceſlive Shocks or Strokes to the Varies, will by De. 
grees make the Machine turn about, always one 
Fay CT Ne Kapellen rs repreſented, / Plats 
Big. 11s A. Ae 4 97 Hal nidog 1 
il Lioqhb eng to 1 ln #3) nos 1 
F NN Dem Pinto uno. is promoted 
the Gichteflenooff warns Ait, thrown: . — 
zſect lit hambeen dested, undulating thro? hotl6w 
late pf oled- Wolle lw e Be Back and Sides 
tie eHimne y! This is o]⁰imenly let into the 
Reem; of whereof Rooms, thro! an Opening made 
bent *rhe Fire place, and 5 con- 


Been here 
ffnttel ) replaced 
4 


by a Stream ef Ar, rifing tho 
pe, HR ende I 1 The heat- 


edc Mr, AWA pet Patt of the 
Rab, 2 — — — intended, geti 
away, th Aperture made donveniently dee 


where above. This Circulation of Air, contributes 
vu mus 167 1 "as well a 6 the 
1slvons gil yi & 0) Dit ot 1 
Er ae uc be, de, that” all ObRacle 
tols. Curfeſt ofs the Mir, outteh rais d, put it t0 
tire Spring) and v els diſturb its Progreſs, by 
— it 3 into Whitts' and Eddies. —— 
Felterein produe'd, by theſe fix d 
— ohieh-iveertape the peaceful Riſing 
of t S mean Uhimnies; an Inconvenience very 
rere to h get dr unleſs the Punnels can bs 
© ras); is elit they may deliver their Smoak, 
Gus of the reach ef the ao rence os | 
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vent the regular riſing of the Smoak from the 
Chimney at C. Fig. 8. Plate 9. Whereas it might 
have. been ſhelter d perhaps from this. Inconve- 
nience, had it been plac'd. more advantageouſly 
ſomething nearer, as at F, or have eſcaped perhaps 
the Fury of the. Blaſt in good —— had it 
been removed to G. In the Choice: of a Situa- 
tion for a Houſe, particular Regard. therefore ſhould 
be had, to the Expoſition. of the Chimney-tops, 
and proper Care taken, that they; be neither com- 
manded. by any thing above them, or that the 
Roof of the adjaeent Buildings be ſo diſpoſed, that 
the Air about them may probably. not: be diſtarbed 
by Reflexion, when high. Winds, are abroad. 


Sou Regard is alſo to be had to the Dif 


poſition and Make of the Chimney. As to the 
firſt; it ſhould, if poſſible, never be placed be- 
tween Doors, ' into which boiſterous or bris k 
Winds may blow. This will interrupt the regu- 
lar Riſe of the Smeak, and often: fetch it out of 
the Chimney. As to the Second; it ought to be 
ſo built, as. to leave no undue Vacancies 1 
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Funnel, or under the gathering Wings. Theſe are 
often Lodgments for Air, that may be frequently di- 
ſturbed, the irregular Motion of which muſt affect the 
Smoak very much : Twill therefore be right, always 
to lead the Smoak as directly and as ſtreight into the 
Funnel as poſſible. For the ſame Reaſon, falſe Backs 
and Holes made above the Fire-place, in a Chim- 
ney, are only Receptacles for cool and agitated 
Air, and are ſeldom known to remedy the Incon- 
venience intended, nor is it likely they ſhould. 


Ir a Chimney, not commanded by an Emi- 
nence, or in an inconvenient Situation, or injudici- 
ouſly executed, as above, does not draw well, 'tis 
commonly for want of a free Succeſſion of 
Air to ventilate the Fewel and replace the Ex- 
pence of Air, that ought to mount up the Chim- 
ney, on Account of the Heat, in a due Pro- 
portion. The making a Hole therefore beneath 
the 'Grate, with which the Air from abroad, or 
ſome other Room, may communicate, will very 
much help it. This will not only ſupply the Fire 
well with Air, and encreaſe the Heat that way ; 
but it will render the Flax of raw cold Air, 
which uſually enters now by the Creviſes, and 
both cools the Room and Perſons in it very much, 
leſs wanted ; and of Conſequence, would greatly 
contribute to the Warming, and of keeping warm 
the Place. | 


Axp here it may be remarked, that tis more 
prejudicial to Health, to fit near a Window or 
Door in a Room, where there are many Candles 
and a Fire, thanin a Room without. For the Con- 
ſumption of Air, thereby occaſioned, will always 
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be very conſiderable, and this muſt needs be re- 
placed by Air, that's cold, from without. Down the 
Chimney none can enter, the Stream of warm Air, 
always riſing therein forbids it: The Supply muſt 
therefore come in wherever any other Openings 
ſhall be found. If theſe happen to be ſmall, and 
the Conſumption large ; let thoſe that fit near 
them, beware : The ſmaller the Flood-gate, the 
ſmarter will be the Stream. 


To prove this by Experiment, we need only 
hold a Candle to the Key-hole of the Room, where 
2 good Fire is, and a conſtant Stream of Air will 
be found to enter plentifully thereat. And it 
may be remember'd, that in ſharp Weather, having 
a brisk Fire before us, our Heels are often ready 
to freeze, from the ſucceſſive Flux of cold Air, 
drawing continually toward the Fire. - For this 
Reaſon, Publick Aſſemblies generally procure the 
Profeſſors of Medicine a great many Patients. 


Was a Man to leap, even in a Sweat, into a 
cold Bath, or jump from his warm Bed, in the 
intenſeſt Cold, in a Froſt, provided he do not 
continue over- long therein, and be in Health 
when he docs this, we ſee by Experience, that 
he gets no Harm. If he fit a little while againſt 
+ Window, into which a ſucceſſive Current of 
ireſh Air comes, even in Summer-time, his Pores 
ae cloſed and he gets a Fever. In the firſt Caſe, 
the Shock the Body endures is general ; in the 
other a ſingle Part, a Neck or Ear perchance is 
attacked. And the Cannon of a Siege, pointed 
ainſt a fingle Baſtion, admit, we know, Aw 
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Enemy ſooner into the Place, than if they were 


divided and play'd ſingly all round the Toy, 


But to return. | 
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The CASE of the WINDS continued. 


NN the Burning Zone, where the Heat 
of the Sun is moſt conſtant, as well a 
: EI moſt extreme, the Courſe of the Winds 
os is oblcry'd to be the moſt uniform 
and regular, whether we conſider them 
as continual or periodical. | 


Or the firſt ſort is the Eaſterly Wind, blowing 
conſtantly between the Tropics, as far as 3o De- 
grees, on either Side of the Line, uſually termed the 
Trade-wind. Of the ſecond ſort are the Land 
and Sea-breezes, which, in thoſe Climates, regular- 
ly blow from Sea to Land, in the Eyening, and 
from Land to Sca, in the Morning. 


TN E daily Revolution of the Earth, being from 
Faſt to Weſt, upon her own Axis, the ſucceſſive 
Rarefaction, made in the Atmoſphere, by the Heat 
of the Sun, will be according to his apparent Courſe 
from Eaſt to Weſt, and as the Air, thus rarify d, 
comes by his Departure to cool, and be again con- 
dens'd, the Motion of it will follow the Rarefacti- 
on continued Weſtward, and thus an eternal Eaſt 

Wind is there ſucceſſiyely propagated. 1 
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Now did the Sun never depart from the Equi- 
nox, the Wind would very probably there neyer 
vary from the Eaſt Point: But we find as he 
draws towards the North, in the Courſe of his De- 
clination, 23 Degrees and near a half, the Rare- 
faction of the Air ſhifts Northward after him, and 
the Wind conſequently follows, in the com- 
pound Direction of North-eaſt, ſo long as the Sun 
continues North of the Line, from March to Sep- 
tember. And when his Declination is Southward, 
between September and March, for the ſame 
Reaſon, the Flux of the Air is leſs or more North- 
etly; and diectly the contrary will happen in the 
Southern Hemitphere. And this being agreeable to 
Fact, off at Sea, in all the vaſt Ethiopicł and At- 
lantick Oceans, makes the Phyſical Cauſe of 
Winds, here propos'd, more than hypothetical. 


THERE is no Doubt, but that if the whole 
Surface of the Globe was Sea, the Wind before- 
faid would blow with the ſame Regularity, in 
thoſe Climates, quite round the Globe : But in 
regard great Continents do often interpoſe, and 
break the Continuity of the Oceans, Reſpect muſt 
be had to what will follow from the Nature and 
Situation of their Soil, and other Accidents, which 
ue capable of interrupting the ſteady Courſe of 
the Wind, and making it in many Places, yaria- 
ble and uncertain, 


To account in particular for the Land and 
Sea-Breezes, which alternately are obſerv'd, to 
kt on and off the Coaſts, in hot Countries, it 
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will not be unnatural to ſuppoſe, that ſince the 
Water is found to imbibe and tranſmit many, or 
moſt of the Rays of Light falling thereon, and the 
Land to reflect them, that the Air, during the 
Heats of the Day, muſt be much more expanded 
and rarified over the one, than it can be over the 
other: Beſides the Sea can yield none but unactiye 
watry Particles in Exhaiations ; therefrom drawn 
whereas from the Earth, nitrous and other Parti- 
cles, heterogeneous to the Air may be exhaled, 
which meeting and fermenting with each other, 
may greatly heighten the Spring, and conſpire 
with the Heat to encreaſe the Air's Elaſticity, and 
make it riſe more briskly above the Land. The 
denſer Air from Sea then, ſetting in upon the Coaſt, 
will become a comfortable Sea-Breeze to the In- 
habitants all Day. The Air thus rais'd, and perhaps 


| heap'd up above the Land, cooling, by the Chill of 


the ſucceeding Night, recovers Denſity and Weight 
ſufficient to thruſt back the Air from Sea, and 
return the Way it came in, becoming then a Breeze 
from Land. 


BESID ES, the more general Cauſe of the Winds 
inſiſted on, vig. Heat and Cold, there may par- 
ticular ones be aſſigned, ſuch as 1. The Approach 
or Elongation of the Moon, in her Circuit round the 
Earth, and her Attraction in the Meridian, may 
be reaſonably ſuppoſed to raiſe a ſwell of the Air, 
no leſs than of the Water, in the Tides. 2. Cer- 
tain Exhalations, that riſe out of the Earth ſome- 
times and occaſionally, in certain Places, in Earth- 


quakes eſpecially, and from Volcanoes. 3. The Fall 


of great Quantities of Rain, Hail, or Snow, cauſing 
therc 
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thereby a ſudden Condenſation or Contraction of 
the Air. 4. The ſudden melting of Snows, Sc. on 
the higher Mountains, cauſing the Condenſation 
of Air near them ſuddenly to ceaſe. 5. Burning Sands, 
that often retain the Solar Heat to a Degree incre- 
dible to thoſe who have not felt it, cauſing a more 
than ordinary Degree of Rarefaction in the Air, con- | 
tiguous to them. 7. The Oppoſition of high Moun- | 
tains, that reflect the Winds and alter the Line 
of their Direction, and ſuch like. All which par- 
ticular Cauſes may chance either to conſpire with, 
and ſtrengthen the general one before cited, or may 
oppoſe in Part, or leſſen its Efforts, according to 
the Diverſity of Time, Place and Circumſtance, 
that in the Courſe of Things may happen. 


To theſe. Particulars, and ſuch as theſe, is ow- 
ing the manifeſt Irregularity and Uncertainty of 
the Winds in Climates, far diſtant from the Equa- 
tor. Nor can it be Matter of Wonder, if ir. the 
high Latitudes, the Winds be found variable, ſince 
between the Tropicks (where it migit be leaſt ex- 
pected, on Account of the ſteady, conſtant Heat 
of the Sun) in ſome Places, Alterations are found 
in the general Trade-winds themſelves. For Ex- 
ample ; in the Southern part of the Indiau Seas, 
the Wind blows always from the Eaſt or there- 
about, according to the ordinary Courſe thereof, 
in and about that Latitude: But 'tis obſerved, 
that in the North Part thereof, the Wind blows 
regularly from the Eaſt, as in other Places ad ja- 
cent, only one half the Year, and then turns and 
blows directly from the Weſt, for the other ſix 

Q 3 Months, 
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Months, and theſe particular Variatichs, are by 
Navigators termed Monſoons. | | 


NoRkTH of tke Tropick of Cancer, it may be 
obſerv d, that the Moon often has a conſiderable 
Influence on the Winds, which in the Compaſs of 
fourteen Days, or half the Lunation, ordinarily 
make an entire Reyolution, and blow from all 
the Points of the Compaſs. At New, the Wind 
being at North, it paſſes on to the Eaſt in a few 
Days, then to South, and ſo on to Weſt; and re- 
turns to the North about the Full, in ſettled Wea- 
ther, In unſettled Seaſons, the Winds will often 
vary, and run a little backwards, againſt the 
Courſe of the Sun, as from Weſt to South-weſt, 
and ſo to South: They ſeldom, however, veer 
quite round, in this Manner; but ftop at ſome of 
the intermediate Points, | 


W1rTHn Regard to the Variety of Winds, by 
the Curious oblerved to blow, at the ſame Time, 
in different Places of the Earth, this may proceed 
from ſeveral Cauſes, worthy of Attention, as firſt ; 
It being plain, that the Winds always move in 
the Direction of a great Circle, or one that would 
divide, was it continued, the Globe into two e- 
qual Parts ; and did the Wind proceed from one 
of the cardinal Points, either from the Faſt, Weſt, 
North or South, it would then retain its Name o- 
ver a great Part of the Globe : But if the Wind be 
in any other Direction, it will ſeem to be very dit- 
ferent, in all the diſtant Places, it ſhall paſs over. 
Becauſe every one, acquainted with the Principles 
of Geography, knows, that all the Rhumbs, 
which give Denomination to the Winds, mos 
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the Equinoctial and the Poles are not ſtreight, but 
ſpiral Lines. For Inſtance; ſhould a Wind ſet 
out from the Equator, in the Direction of an An- 
gle of 45 Degrees therewith ; in order to retain 
the ſame Name, South-weſt for Example, it ought 
to croſs the Meridian of every Place, it ſhall paſs 
oyer in the fame Angle: But if it keeps right for- 
ward, that is impoſſible ; becauſe the Meridians 
are not parallel, but inclined Lines; all meetin 
in a Point, in either of the Poles : Wherefore the 
Wind, that is South-weſt in one Latitude, will 
always aſſume a different Name in another, 


A ſecond Cauſe of this Variation of Winds, 
obſerv'd in diſtinct and different Places, may be the 
adjacent Air's being thrown into a kind of an Ed- 
dy, by the Paſſage of a furious Blaſt, over a par- 
ticular Tract of Land: As in Rivers, when the 
Stream is rapid in the middle, the Side-water is al- 


ways puſhed ob, towards the Banks. 


A third Cauſe may be, when in two Places, at 
a great Diſtance from each other, there happens at 
the ſame time to riſe great Quantities of Exhala- 
tions from the Earth, which are able to diſturb 
and drive the Air into Motion all round them. In 
ſach Caſe, there muft neceſſarily riſe two contra- 
ry Winds, meeting each other in a contrary Di- 
iction, to the Point of their Congreſs. 


Tu fourth and laft Cauſe, aſſigned for this 
Phenomenon, is the Oppoſition of high Mountains, 
which reflect the Winds, gather, and turn them in- 
to a Channel different from their firſt Direction. An 
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Example of this we have in the Lake of Geneva, 
which ſpreads itſelf between two Ridges of Hills, 
for twelye Leagues together. Here there are ne- 
ver known to blow any more than two Winds, 
that is, either up or down the Valley. The like 
happens, as the Seamen well know, off of Genoa 
and feveral Places, in the Mediterranean, when 
failing with a ſteady Wind under Shore, they of- 
ten meet with a Flood of Air, from the Openings 
of the Valleys, as they paſs by them, which croſſes 
perhaps the main Current of the Wind at Sea. 


A Gentleman, who had uſed the Greenland 
Trade, aſſerts, that about the Iſland of Spit- 
berg, is fix'd a vaſt Ridge of Mountains of Ice, to 
which, from the Diſtance perhaps, of 15 Leagues, 
he has frequently, out of Curioſity, taking the 
Opportunity of a Wind blowing right upon them, 
endeavoured to fail towards them, but when he 
was about half way, he always loſt his Wind, and 
what did blow, was rather againſt him : Occa- 
ſioned no doubt, by the Reflexion of the Wind, 
thrown directly on thoſe Eminencies, | 


Azour November, it may be obſerved, that we, 


who live in a conſiderable Northern Latitude, are 


frequently viſited with high and boiſterous Winds. 
This may proceed in Part, from the general Con- 
denſation of the Air, in the North frigid Zone, 
which begins about that Time, wholly to loſe 
Sight of the Sun. Tt may, in Part, no doubt, 
allo proceed from the Exploſions of fermentin 
Matter, which after a hot Summer, may be dit- 
poſed to iſſue from the Earth in ſundry _ 

when 
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when that Heat is abated, not unlike the Winds 
often found to iſſue from the Mouths of Caverns, 
or as a Blaſt of ſtrong Air will be puſhed from Wa- 
ter boiling, in the. Eolipile. The Experiment 
thereon made is this. Take a globular Veſſel of 


Copper, having a ſmall Pipe ſodder'd into its Side; 


heat this Machine pretty well, and invert - the 
Stem into Water; as the Eolipile cools, the heat- 
ed Air, will contract, and the Water will riſe into 
the Cavity, and fill it, in Proportion to that Con- 
traction, perhaps three quarters full. Set it then 
on a Chaffing-diſh of hot Coals, and as it heats, 
the Steam will iſſue from the Pipe with a Blaſt, 
that will blow a Torch or Brand, held in the 
Way, like the Bellows of a Forge. This Experi- 
ment is reprctented, Plate 9. Fig. 7. And ſhould 
the Eolipile be revers'd when the Water boils, a 
imart Jet of Water would be thrown out of the 
Pipe, by the Repellency and Force of the confin'd 
Steam. | 


SOMETHING like this Experiment, may be 
obſery'd to happen, on burning green Wood. The 
Fluids contained in the Cavities, and the Fibres 
thereof, being dilated by the heat of the Fire, 
puſh briskly forth, and often rendand burſt the ſolid 
Wood to make their Way, then iſſue in a Blaſt. 


B uV ſome Cauſe ſimilar to this, we endeavour 
to account for the Origin of tempeſtuous Winds, 


ſuch for Inſtance, which blow about once in ten 


Years, in the Iſlands in the Weſt-Indzes, called 
Antilles. That is about Cuba, Jamaica, Porto- 
Rico, the Caribbees, Lucayes, 0 

er- 
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Bermudas. Hurricanes which blow for the Time 


they laſt, with incredible Fury, lay Waſte the 
Countries, and make ſtrange Havock at Sea. 


Ax as Earthquakes are often felt there about 
the ſame Time, and Innundations often follow, tis 
more than probable, that great Quantities of ni- 
trous and ſulphurous Matter proper for Exploſion, 
get looſe, when 'tis brought up to a fit Diſpo- 
fition by Fermentation, to be more fully explained 
hereafter under the proper Head. And thus by 
{ſpringing of Mines as it were, ſucceſſively in ſeve- 
ral Parts of the Ocean thereabouts, occaſion the 
Devaſtation Here deſcribed ; not only with regard 
to the Commotions of the Air and Waters, by dri- 
ving away the Parts, lying contiguous to theſe 
Exploſions, in a very violent Manner, but alſo 
with regard to the great Havock made among the 
Shipping, and more eſpecially the Fiſh, which 


are always found dead in thoſe Parts, in great 


Quantities, after a Calamity of this ſort has hap- 


pened, Animals, which were it not for ſome 
ternal Violence, proceeding from the Bortoy ot 


the Deep, might be very well ſuppoſed to 

cure from any Inconvenience, ariſing from the 
Agitation of the Winds or Waters. Beſides, theſe 
Hurricanes now and then, preſent the Geographer 
with a new Iland, and ſometimes they ſink one 
upon him, or take away a Part of the old. Which 
is alſo an Evidence that, the Cauſe of theſe ex- 
traordinary Diſturbances proceeds immediately from 
the Bowels of the Earth ; as indeed all outrageous 
Storms of Wind, may from a Parity of Reaſon, be 
very well preſumed to do. 5 | 
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TxE Motion of the Winds is generally in 
Waves, as appears by the Sound of Bells, which, 
in ſmall Interyals of Time, frequently increaſes 
or diminiſhes, in the fame Place very ſenſibly, as 
the Guſt direQs it, either to this Place or that. 
The Movements of the Waves of the Sea, impel- 
led thereby, often demonſtrate this: Since they do 
not all break on the Shore in the ſame, but very dif- 
ferent Places. It farther appears, by the Effects 
of this kind of Storm ; where, in the Compaſs of 
a ſquare League, we often find many Trees left 
ſanding, when many others of the ſame Strength 
and Kind, have perhaps been over-turned. The 
Dancing of the Mercury, in the Baromerers 
of curious Make, is another Evidence alſo of the 
unequal Compreſſions of the Air, under this Cir. 
cumſtance, and that Part of the upper Air is ſome- 
times removed by a violent Storm, but returns on 
the Abatement of it. 


TY 
vil 
16 
1 

i 
BY 
1 ” 
1 i 

'; 
' 7 
9 
[ 
' 1 
{4 
} 
19 
1. 
| 
' 
11 
| 4 
' 
: 
| ( 
| * 
„ 
i — 
11 
11 4 
N 7 
1 
1 
17 
1 
i 4 
; t 
' 
188 
„ 


WHEN two great Winds happen to be inclined 

_ one to another in an Angle of about 15 or 16 De- 
grees, tis certain they condenſe the Air, at the 

Place of their Congrels, and according to the Rules 

of Percuſſion, make it flow almoſt a third part 
faſter, than either of them ſingly did. Suppoſing 

then that each of theſe Winds, were going with 

the Velocity of 24 Foot in a Second, as A and B, 

Fig. 9, Plate 9. which is the uſual Velocity of offen- 

five Winds, againſt which it is troubleſome to 
walk: The Wind compounded of theſe two, will 
proceed after their Confluence at C, with the Ve- 

locity of 32 Foot in a Second, toward D. This 
appears from common Experience, as well as . 
Rules: 
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Rules of Mechaniſm, and may be ſeen repreſented 
any Time, by the Motion of a floting Paper, when- 
eyer there is a Fall at London-Bridge, or any 
Sluice of Water. : 


WurRE Winds are of equal Strength and di- 
realy oppoſite, they on Meeting, deſtroy each 
others Force, and there produce a Calm ; but the 
Air will there be accumulated, whence 'twill fol- 
low, that to preſerve the Equilibrium, the Air 
muſt flow back either Way, above the main Cur- 
rent, and occaſion thereby two other contrary, 
but more gentle Winds, to blow from this Place, 


Mr. Derham, in a curious and accurate Dif- 
courſe, on the Motion of Sound, takes occaſion, 
to ſay ſomething of the Velocity of Winds, which 
from many Trials, he concludes, cannot poſſibly 
move, in the greateſt Storms, above 50 or 60 Miles 
an Hour; and that an ordinary brisk Wind, may 
proceed at the Rate of about 15 Miles an Hour, 
The Courſe of ſome is ſo gentle however, as not 
to exceed a Mile an Hour. 


Ir a boiſterous Wind meets ſide-ways with ano» 
ther more weak, it carries away the Air neareſt to 
it, and turns it round with a certain Velocity, and 
this we call a Whirl-wind. This goes on with 
the ſtronger Wind, and carries with it whateyer 1s 
not very heavy. 


To ſomething of this kind is aſcribed, that extra- 
ordinary Meteor, often ſeen at Sea, and ſometimes at 


Land, very dangerous to Ships, and whate ver hap- 
vens 


' 
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ns to be in its Way, called the Water-ſpout. 
Tis moſtly obſery'd in hot dry Weather. Its 
firſt Appearance is in Form of a deep Cloud, whoſe 
upper Part is white, the lower black. From the 
lower Part hangs, or rather falls, what we pro- 

rly call the Spout, reſembling a conical Tube, 
gelt above. Under this Tube is always a great 
boiling, and flying up of the Sea-Water, as in a 
Jet. For ſome Yards above the Surface of the 
Sea, the Water ſtands as a Column, from the Ex- 
tremity whereof it ſpreads and goes off, as in a 


kind of Smoak. Frequently the Cone deſcends io 


low as to touch the Middle of this Column, and 
continues for ſome Time contiguous to it; tho' ſome= 
times it only points to it, at ſome Diſtance, either 
downright or a-fant. | 


Ir's often ſcarce diſtinguiſhable, whether the 
Corie or Column appear firſt, tho' generally the Boil- 
ing or Flying up of the Water has the Priority, 
and this immediately preceeds its being form'd in- 
to a Column. Generally the Cone does not appear 
hollow, till towards the End, when the Sea- 
water is thrown yiolently up the middle of it, as 
Smoak up a Chimney, Soon after, this Canal diſ- 
appears, but the Boiling up of the Water con- 
tinues ſome time afterwards ; ſometimes till the 
Spout forms itſelf, and appears anew, which it will 
do onOccaſions, ſeyeral times in a quarter of an Hour. 


Tux real Cauſe of ſo uncommon an Appearance, 
and fo dangerous to approach, is as yet but little 
known, but M. de la Pryme from a near Obſerya- 
tion of two or three of theſe Spouts in Torkſbrre, 

con- 
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eonjeQures, that they are a Gyration, or whitling 
of Clouds, impelled by contrary Winds, meeting 
in a Point or Center, and where the greateſt Con- 
denfation and Gravitation is, falling down in a 
great Tube, ſomewhat like Archimedes ſpiral 
Screw ; and in its working whirling Motion, ab. 
ſorbing and raiſing the Water with prodigious 
Force: Thus deſtroying Ships at Sea, or rending 
off Arms of Trees, Thatch of Houſes, Sc. as it 
3 ſometimes, in paffing over them, done at 

Land. 


Tux Diſſolution of theſe Spouts may be aſcribed 
to the Weight of the great Quantity of Water, 
they have taken up, which impedes their Motion, 
whereon their Force and even Exiſtence depends. 
When they break, they let go their Contents, 
which over-whelms whatever is found underneath, 
'To prevent the ill Confequences whereof, our 
Seamen when near, endeavour to difturb and break 
them, by Noiſes and the firing of great Guns. 


To conclude this Subject, it may be remarked 
in general, that tho' it is difficult to aſſign a phy- 
ſical Reaſon as yet, for all the Varieties that hap- 
pen in the Syſtem of the Winds, by Reaſon of the 
Multiplicity of Accidents that happen, in the na- 
tural Courſe of Things; yet thus much do we know 
for certain, that in hot Climates, where Exhalati- 
ons are more copious, Hurricanes, Tornadoes, and 
More violent Storms, are common and ordinary. 
In the temperate Zones, where the Heats are leſs 
powerful, theſe Appearances are not ſo frequent 


or ſo furious. And in cold Countries, where for 
want 
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want of Sun, the Air is always pretty denſe, the 
Winds blow more gently, and move with great- 
er Steadineſs, than they are found to do, in an 
other Parts of the Earth. | 


TH E great Service the Winds are of to Man- 
kind, in the Way of Mill-work and Machinery, 
will ſcarce bear the Mention, when we conſider 
the vaſt Advantages, the World deriyes from 
Trade and Navigation. By the Subſerviency of 
the Winds, Ships of prodigious Burthen are con- 
veyed round the Globe with —_— Certainty and 
Eaſe. The Earth is difcoyered by this means, 
the Nations are civilized, and the Redundancies of 
one Country made frequently to ſupply the De- 
ficiencies of another. This again bears but a ſmall 
Proportion to the general Benefit, theſe Tides of 
Air are of, in tranſporting to us thoſe Particles of 
Humidity from the Ocean, which form the Clouds, 
and which water and fertilize the Earth. Beſides, 
were it not for theſe Commotions in the Air, the 
Salubrity of it could not long exiſt : For all the 
noiſome Steams and offenſive Vapours, that riſe 
over populous Places, would there hang, and 
ſtagnating, would render this common Magazine of 
ſubtile Bodies, a Maſs of corrupt, putrid and in- 
teious Matter. 


On 


240 The Motion of FLUIDS, \ 


4 


X f 6 DN ZN) >» * ee. < CON dl 0 A G* >), þ "" P a 
BC.) N 42 . WP)? „ | © 
2 VER DSA RP. Cont Whkasl< > LEN N 
GG ß ET, 


A N — — . 0 — Was *Y (- ) 


S — Az 


On the Natural Cauſes of THUNDEK, 
' LIGHTNING and METEORS. 


ex xzq ai V ING occafionally mentioned the 
9. * Effects of fermenting Matter in pro- 

== dycing Earthquakes, and extraordi- 
Lil = Storms of Winds, our next In- 


— 


Cauſe may ; concerned in the Production of 
Thunder and Lightning, and the other Meteors, 
appearing in the Regions of the Air. 


FROM Obſervation, the Atmoſphere may 
very well be conſidered as a common Rec 
tacle of all the Vapours, exhaled from the 
Earth, and we ſee Effluvia, from an infinite Num- 
ber of other Bodies, do aſcend therein continually. 
All manner of Scents, for Inſtance, whether pro- 
ceeding from grateful or fœtid Bodies, the Steam 
an d Smoak of things burnt or melted, the 
Fogs and Vapours ariſing from damp and watery 
Places, the Emanations from nitrous and ſul- 
phureous Subſtances, thoſe iſſuing from acid and al- 
kaline Bodies, and in a Word, whatever may be 
called volatile, riſes in the Air, and therein finds 


a Place according to their ſeyeral Weights, as in 
a common Magazine. b 


Sur 


uiry may be, how far the ſame 
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$ULPHUREOVS Steams riſe from Volcanp's, ver. 
evidently in great Abundance, the Parts of whic 
are ſo very fine, and have ſuch a Repellency in 
them, that they will continue to riſe, even in an 
exhauſted Receiver, as may be try'd, by writing 
"ſomewhat on a Paper, with ſolid Phoſphorus, 
which is a Chymical Preparation from 5 
tine, uſually kept in Water, to prevent its Ev 
poration; this being pat under a Receiver, will 
toon become viſible, and riſe into a kind of lam- 
bent Flame, emitting great Quantities of Steam; 
exhauſt the Receiver, the ſame Appearance will 
continue with very little Variation. | 


Varenius, in his Geography, obſerves, that 
when the Spices in the lands, that produce them, 
are ripe, the Seamen can perceive it, merely by 
the Smell, at the Diſtance of ſeveral Leagues. In 
the Azore lands, ſuch is the corroſive Quality 
of the Air, from the various Effluvia mixt there- 
with, that the Iron, and even the Stones of the 
Buildings, molder there very ſoon: Whereas in 
the Province of Chili, in America, the Quality of 
the Air is ſo very mild, that tho' one puts up a 
Sword into a Scabbard moiſt, there will never 
be found any Ruſt at all upon it. Theſe different 
Effects, undoubtedly proceed from the different 
Particles of Matter, wherewith the Air in thoſe 
Places happens to be impregnated. of: 

TRE Effluvia emitted from very may Bodies, 
may be reduced to two principal Claſſes, the Acid 
and the Alkaline. The firſt proceed from Subſtan- 
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motion, between the acid and alkaline Corpulcles, 
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ces that affect the Taſte, in a piercing and pungent 
Manner; the Points of which are therefore pre- 
famed, to be ſharp, rugged and much broken, 
The ſecond often riſe from the Subſtances, formed of 
Particles, appearing to the Tongue tart, rough and 
deterſive. Theſe are ſuppoſed to differ from each 
other, both in Nature and Form: Since, whene- 
ver two Fluids of theſe Kinds are mixed together, 


a ſtrange Conflict and Commotion immediately en- 


ſues. This may poſſibly not only proceed from 
the Ineptitude of the Parts of their conſtituent 
Particles, for uniting and coaleſcing; but alſo from 
the alternate Attraction and Repulſion of their polar 
Parts. And it is very probable, that there is à Po- 
larity in many other Parts of Matter, as well as in 
the Magnet, and Iron, in which they are certain and 
inconteſtable. That there is ſo in ſeveral fixed and 
chryſtaliz'd Salts, is 2 apparent, by their al- 
Ways ranking and diſpoſing themſelves in one cer- 
tain unalterable Manner, as often as they are redu- 
ced from a Fluid to a fix d State. 


AND it is to this ingenite Property of At- 


traction and Repulſion, that the inteſtine and fer- 


mentative Motion, ariſing from the jumbling to- 
gether and mixing of theſe kinds of Bodies, is 
reaſonably preſumed to be principally owing. The 
acid Particles for Inſtance, in mixing Lemons and 
Salt of Wormwood, may be well conceived to at- 
tract ſome of the ſaline Particles ſtronger than be- 
fore, and to repel others with as great a Force, ac- 
cording as their Poles chance - to' meet, and be 
obverted to each other: Hence ariſes a great Com- 
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and from their leaping and bounding into, and 
out of each others Sphere of Activity, being 
themſelves probably, alſo out of an elaſtic Na- 
ture, proceeds an Ebullition and an Efferveſcence, 
which continues till all the Particles, both acid 
and alkaline, have met each other, at their pro- 

Poles of Attraction; which is no ſooner done, 
bat the Ebullition ceaſes, the Mixture ſubſides, 
and the jarring Particles are then united in a 
friendly manner. 


VoLATILE Salts, ſuch as are extracted from 
Hartſhorn and the like, are of the alkaline 
kind, theſe are known eaſily to evaporate 
and be diſſolved in the Air; not only by the 
ſtrong Smell continually ariſing from them, but 
alſo the Abatement of their Quantity, if they be 
left any Time unſtop'd. Acids do the lame thing, 
but in a leſs Degree, as may be inferr'd from ite 
ſower Smell hanging about, and riſing from Vine- 
gar, Spirit of Salt and things of that Tribe. And 
theſe being this way certainly diſtinguiſhable, vi. 
by the Smell, all Bodies, that on the Mixture with 
them, ſhall ferment, may be well preſumed to be 
of the alkaline oy 


PaRT1iCLEs of Matter, ſuch as theſe, either 
ſing of themſelves, as being leſs denſe than the 
Air, or exhaled from the various Parts of the 
Earth, by the Heat of the Sun, however peaceful 
and quieſcent in their own Nature, ſimply they 
may be, yet meeting with and being mix'd with 
other Particles, of a different, diſagreeing kind, may 
begin to ferment, and 2 on each other, pd 

2 as 
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as to produce very ſurprizing Effects, of which 
any one will be convinced, that has ſeen the Mix- 
ture of two Liquors of this kind, from the ſudden 
Ferment and Diſcordancy produced thereby; as of 
Spirit of Nitre or Aqua Fortis, and Spirit of Cal 
Armoniac, or Salt of Tartar. Even the Effluyia 
from theſe Bodies meeting in the Air, begin a De- 
gree of Efferveſcence, and thence become ſometimes 
viſible. Hence it is reaſonable to ſuſpect, that our 
ſtinking Fogs, which have uſually alſo ſome De- 
gree of Heat in them, are thus produced by the 
Mixture of Vapours, riſing from the Earth on cer- 
tain Occaſions, of different kinds. 


TE Salubrity, . or Unwholſomeneſs of the 
Air in general, proceeds, no Doubt, from the 
different Combinations of the heterogenous Par- 
ticles, that conſtantly make: their Way into it: 
and healthful Seaſons and Situations greatly de- 
pend on the Effluvia ariſing from the neighbour- 
ing Places, or what happens to be wafted about 
by the Winds. Many of which, tho' innocent 
and wholſome in themſel ves, yet being mingled 
together, may become hurtful to Life; and on 
tlie contrasy, ſuch as are prejudicial, may chance 
to be joined with Effluvia, from Matters of a diffe- 
rent. kind, ſo as to have their Malignity miti- 
gated, and may thereby become indifferent, and 
even healthful. . 
Ax Inſtance of this, may be had from Mer- 
cury and Spirit of common Salt, neither of which 


are poiſonous alone, but when they come to 
be mix'd in the Air, being ſublimated by dr 
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become the moſt deadly of all Poiſons. We. 
ao from Chymiſtry denn, that this very perni- 
gous Poiſon, raiſed again in like manner, and 
mingled with other Matter, an equal Weight 
of Salt 7. artar, loſes its noxious Quality, and 
becomes the good and wholeſome + AE called 
Mercurins dulcis. 


Ir may here be obſerved, that. nin theſs 
Subſtances into the Air, ſimply and unmixed, 
makes not the leaſt Alteration in them; fince 
Sphur, Camphire, Sal Armoniac, Mercury, 
liftilled Waters, and even Tin, when ſublimed 
by Fire alone, provided, the Fumes be intercepted 
by Glaſs, or ſome other Matter to keep them 
hom a total Evaporation, will be converted again 
nto Bodies, poſſeſſed of all the Properties they had 
beſore the Operation, but more e N N ? 

Tus Abnalh bere Aden mis the. common Re- 
ceptacle of all 1 Matters, leſs denſe than“ 
itlell, it cannot be diſputed, but that Parti- 
des of very different kinds, are conſtantly riſing 
therein in great Abundance. And as acid and al ka- 
ine Matters, on meeting, always naturally begin 
mn each other ſome Degree of Fermentation and 
Efferveſcence, we cannot be long at a Loſs for the 
Cauſe of the ordinary, but ſufficiently dreadful Phœ- 
nomena of Thunder and Lightning. Tis therefore 
nore than probable, that the Parts of the Atmo- 
ſphere, next the Earth may abound with ſpirituous 
Particle perhaps of a nitrous kind, and that. at. 
certain Times, and on certain Occaſions, other 
larticles may be exhaled from the Earth, of a 

R 3 ſulphu- 


1 


| 
| 
| 


gb 
falphureous, unQuons, or combuſtible Nature, 
which will act vigorouſly on each other, and 
take Fire when they are by Fermentation, brought 
up to a certain Degree of Heat. 


THERE may alſo be a thin kind of Vapour 
Damps or Steams ariſing from mineral and ſubter- 
raneous Bodies, which being let looſe into the 
Air, and meeting with the Nitre of it, tho' 
neither of theſe may have any ſenſible Degree of 
Heat in them ſeparately, will ferment and act ſo 
briskly on each other, as to produce an actual 
Flame. | 
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TEISs is what has often happened in Mines, e- 
ſpecially if they chance to be kindled as they ſome- 
times are, by the Lights the Workmen dig 
the Ore by, tho' often they fulminate of them- 
ſelves, and then the whole Train of Matter, 
mixed with the contiguous Air, will immediately 
take Fire, and like a Train of Gun-powder, run 
from one End of the Vaponr to the other. And 


this is done with that Swiftnefs and Violence, 


that it frequently deſtroys the Miners, blows up 
their Works, and produces as fatal Effects, as if a 
Quantity of: Gun-powder had been fired in the 


: SOMETHING of this kind may be obtained, by 
putting ſome Iron-filings into Spirit of Vitriol 


in a Phial ; ſtop them a ſhort Space together, and 


a Fume will riſe from this Mixture, that will ful- 
minate, when apply'd to the Flame of a r. 
1 | i | ne 
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One Part whereof being kindled, 'fwil ſoon be 
communicated through the Whole, the Fume” 
being denſe, juſt as all the Parts of a Quantity 
of pounded Reſin, thrown from the Hand into 
the Air, near the Flame of a Candle, ſeems to 
blaze all at once; which is the Manner in which, 
at the Theatres, artificial Lightning is made. el 


N 0 — the Mixture juſt [propoſed * SR : 
but 'twill fall immediately into Motion, and ſoon 
grow. . ſenſibly warm to the Hand; and no one 


that has ſeen the ſudden Ferment, the Ebullition 


and Efferveſcence produced between Bodies of 
this jarritig Nature, but will readily allow, they 
can only be brought about, by the reciprocal 
and vigorous AG of their Farticles A cacli 
ben. — 

*Frs aid, that: x convenient Mixture of Sal- 
phur and filings of Steel, with a little Water ſtir- 
red briskby together, will not only produce a 
great Efferveſcence, but will ſometimes break — 
into an actual Flame. And hence piobably 


ceeds the extraordinary Heat, found in the = ge] 


waters, and other hot Springs; wherein two Wa- 
ters, of themſelves actually cold, flowing thro 
Veins of chaly biate and ſulphureous Matter, with- 

in the Earth, on mixing produce this Effect. 


IN the Grim Manner we account for the Confla- 
grations of Atna in Sicily, Veſuvius in Naples, and 
all other Valcano's or burning Mountains. Theſe 
were kindled at firſt, no — by the Diſcord- 


ancy of a due Mixture of Sulphur and Particles 
R 4 ol 
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of Iron- matter, in the Bowels of the Earth, Which 


when the Ferment was ſufficiently ſtrong broke 
out into a Flame, that has burnt for many Ages, 
and which will continue to burn, ſo long as Mat- 
ter ſhall be found for a Supply. The great and 


ſudden Eruptions they ſometimes make, are prob- 
ably occaſioned by the Influx and Acceſſion of 


new Matter, that in the Courſe of the Conflagra- 
tion, gets vent in the Chaſm; and from a. like 
Cauſe, as has been already-hinted, the Earthquakes, 


uſual in theſe Places and dangerous, ſufficiently 


are juſtly thought to proceed. 


THUNDER and Lightning are ſo like the 
Effects of fired Gun- powder, that they be reaſon- 


ably judged to proceed from the fame, or nearly 


a like Cauſe, The principal Ingredients of that 
miſchievous Compoſition are Nitre, Sulphur and 
Charcoal pounded together, which laſt being by 


Nature light and apt to take fire, is added only to 


keep the Parts of the other Ingredients at a proper 
Diſtance, for being ſuddenly kindled. If then pro- 
portionable Quantities of ftutrous and ſulphureous 
Vapour be admitted into the Air, and thoſe by 
any Accident ſnhonld take Fire, their Exploſion 


muſt be attended with both the Flame and Noiſe 
obſerved in fired Gun- po.]dder, which being once 
enkindled, the Train may be expected to run from 


Place to Place, as the Vapour leads, and with the 
like Effects. And it may be obſerv'd, that for 
this Reaſon, the Flaſhes: of Lightning ſeem one 
while to dart right forward, at other times to vi- 
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brate hither and thither, as the Kindled Matter! 
ſucceſſively takes fire. ö 


Lid HTI NG is more or leſs dangerous, ach 
cording as the enkindled Vapours happen to be 
more or leſs denſe ; if from its Rarity it 0 
pretty high in Air, it there flaſhes without 
any Harm. If it 'be denſe and hangs about — 
Earth, it whizzes about our Ears, ſweeps along the 
Ground, deſtroys or at leaſt drives away the Air, 
where ver the Torrent comes, kills Men and Cattle, 

and does a deal of the like kind of Miſchief, 


Taar kind of Lightning, which makes * 

cateſt Havock, is obſer ved moſt frequently to take 
Hen in the upper Regions of the Air, hence it ſlants 
downwards towards the Earth, and often directs 
its Force, as being perhaps thereby drawn to a 
focal Point, againſt a Tree or Tower, or ſume emi- 
nent Object, on which it often produces ſurpriſing 
Effects, by piercing and dividing the molt intimate 
Parts of hard Bodies, and writhing and rending thoſe 
that are tough, in a ſtrange and very violent man- 
ner. Theſe more noxious Blaſts probably proceed, 
from the gradual Riſe of Clouds of Matter, pro- 
per for Fulmination, from the Earth, in theſe ſtor- 
my Seaſons ; the upper Parts of which, meeting 
with fit Matter, found in, or produced by the 
Air, come to be firſt fermented, and then taking 
Fire, purſue the Track of the riling Vapour to 
the very End, where perhaps a great Part of the 
Force of the whole Blaſt, may concenter, ſome- 
thing like the Rays of Light refracted inta one 
focal Point, by a Burning-glaſs, with ſuch a 9 
leſs 
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leſs and impetuous Force, as may diſſolve one Hard 
Body, calcine another, perforate a third, intirely 


change the conſtitutional Parts of a fourth, by 
giving them another Direction, and ſo on. 


Wu r we call Thunder, is produced by the 
ſudden and violent Motion of the Air adjacent to 
the Flaſh, endeayouring immediately to thruſt itſelf 
into the Vacuity, thereby made. This frequently 
ſhakes the whole nervous Syſtem of an Animal, and 
s affects the Ear, in the fame Manner as 
do the Exploſion of Fire-arms, or the burſting of 
a Bladder, when the Air is withdrawn from under 
it by the Air-pump ; the Experiment is men- 
tioned, Page 159, Now it is impoſſible, that 
the rending of a Bladder, which tears like ſo much 
Brown-paper, ſhould produce any ſuch Effect. 
But as the whole Body of the adjacent Air moves, 
on that Occaſion, to make good and' fill the Va- 
cuity made, this is what moves the Organ of the 
Far, in the Manner fpoken of; and tis thence 
reaſonable to conclude, that all the Vacuities made 
therein, whether produced by actual Flame, or other- 
wiſe, will always be attended with a like Effect. 


FROM the continued Length of a Clap of 
Thunder, and from the various Loudneſs of it, it 
may be concluded, that the Lightning really is 
a Track of running Fire, which, tho' it may ſeem 
to be inſtantaneous, and to fill the Hemiſphere 
with Flame, at the ſame time, yet is propagated 
ſueceſſively, as will appear by the ſucceſſive com- 
ing of the Clap, thereby produced, to the . 
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| I with a different Force procecding from different 


Ho far off, or how near we are to the-Dan- 
ger, attending this War of Elements, may in gene- 
cal be eſtimated, by the Length of the Interval 
between our ſeeing the Flaſh, and hearing the 
Clap of Thunder. For tho' they are inſtantane- 
ous, and both produced in the tame Moment, 
yet Light moving, by many Degrees, taſter than 
Sound, they come to our Senfes, and affect 
our Nerves ſucceſſively. The Motion of Light 
is diſcovered, by the Eclipſes of Fupiter's Sa- 
tellites, to move progreſſively, at the Rate of a- 
bout ten Millions of Miles in a Minute; fo that 
we may very well take the Time of our ſeeing 
the Flaſh, for the very Inſtant of the Exploſion: 
Whereas Sound, by good Experiments, is found to 
move but at the Rate of 968 Feet in a Second. 
We may therefore, in round Numbers, reckon 
that ſo many Seconds, as paſs between the Light- 
ning and Thunder, about ſo many thouſand Feet 
is the Miſchief from us. And if theſe hap- 
pen to be conſiderably great and immediately ſuc- 
ceed one another, it may rightly be judged, to be 
near at hand. | | 


ChyMISTRY will furniſh us with ſeveral Subjects, 
my and quiet in themſelves, but which will, rhe 
oment they are mix'd, ſtart into an actual Flame. 
Of this ſort are all our diſtill'd Oils, which are full 
of Salts, as appears by their ſinking in Water, and 
the acid Liquors: immediately fermenting with 
them, ſhew them allo to be of the alkaline — 


| 
| 
| 
| 


but in wet and ſhowery Weather. 
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I therefore we take a few Drops of Oil of Cloyes, 
or Oil of Guaicum, and pour a ſmall Quantity of 
Aqua fortis, or Spirit of Nitre on them, a very 
ſtiong Ferment, accompanied with Flame, and 
ſometimes, if the Spirit of Nitye be ſtrong and 
very pure, an Exploſion will alſo follow. The 
Manner of which is repreſented, Fig. 11. Plate 9 


1145 a 


AA T there is iti Lightning, very probably, a 


Mixture of ſulphureous Vapour, appears in great 


meaſure, from the ſulphurcous Smell, that com- 
monly. attends it. Sultry Heats, a heavy loaded 
kind of Air, are uſually the Forerunners of it. And 
the frequent Conſternation of the Inhabitants of 
the Kingdom of Naples, where Sulphur greatly 
abounds, on Account : of Earthquakes, and this 
Kind of Storm, both proceeding from a like Cauſe, 
is an Evidence that Sulphur may very reaſonably 
be admitted, as one principal Ingredient therein. 


 THrar Lightning has a nitrous Vapour in its 
Compoſition, is alſo probable, from the Nature of 
the Air itſelf, in which it is generated, We know 
of nothing capable of ſo ſudden and fo violent 
a Degree of Exploſion as Nitre is, and that the 
Air is replete therewith, ſeems manifeſt, 


FRS, from the great Advantage Rain hath 
over all other Water, in the Way of Vegetation; 
to which tis ſo very material, that even the Weeds, 
at Bottom of Rivers are obſerved not to ſhoot, 


A. ſecond Reaſon may be. deduced, from the 
Difference ot Colour obſervable, between the = 
n 
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nal Blood, which is blackiſh,. and the arterial 
Blood, which is, of a florid red. The laſt of theſe 
\ having, newly circulated thro” the Lungs, and 
therein been mixed with the freſh Air, in Reſpi- 
ration, becomes of a baighter Colour: Whereas che 
former, having only received that Benefit ſome- 
time therefore before, ſeems to want that Adyantage. 
Moreover, from Experience we learn, that the 
Blood iſſuing from the Veins, becomes immiedię 
ately florid, if a Piece of Salt- petre be put into 
the Baſon, and the Serum or wheyiſn Part of it, 
grows therupon as pellucid as Water. It may be 
farther obſerved too, that however blackthe Blood 
may appear, when the Vein is firſt opened, it ſoon 
grows more florid, when it comes to ſtand a little 


in the Air. 


TRIR DI y, Salt-petre or Nitre itſelf, generates 
Air in Plenty; as is evident, from putting a Piece 
of it into a ſtrong bright Aſh-lye, which is uſually 
ſo full of Salts, that have ſo wellfilled the Interſti- 
ces of that Fluid, as to have ditpoſleſſed it intirely 
of the Air, and from which alone in Vacuo, no Air 
will ſeem to riſe, but from the Salt-petre at Bojy 
tom, Air, in may be ſeen to iſſue very faſt, _ 


SoM Corruſcations or Flaſhings there are, 
which in ſerene Weather, ſeem to glide from the 
Zenith, often to the Horizon, without Symptoms 
of Noiſe or Violence, called flyifig Dragons, or 
ſhooting. Stars. Theſe proceed from much the 
ſame Cauſe as the Ligntning: A fat unQuous 
Vapour, exhaled from the Earth, by the Heat of 
the Sun, to ſuck a Part of the Atmoſphere : 4 
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affords Matter fir for Ignition, being light 
as above, at one End, and being of no great 


Breadth, it runs ſteadily forward, juſt as a ſmall, e- 
ven Train of Gun-powder, fired in the Air, would da 


Turk are other kinds of Flaſhings in the 
Air, alſo innocent in themſelves, ſuch as the Au- 
rora borealis, thole Glades or Gleams of Light, 
that appear very often Northward, and of late 
frequently in our Climate, in till and ſerene Wea- 
ther. Theſe are Emanations, fine Vapours, proba- 
bly. of the magnetic kind, riſing perhaps from 
the vaſt Beds of Iron Matter, amals'd about the 
Pole, which either mount till they come within 
the Rays of the Sun, ſhining on ſome Part of the 
Atmoſphere, when he is not far below the Hori- 
zon; or that meeting there with Matter adapted 
to light, and render them conſpicuous, they glim- 
mer as they riſe. ws 


As to the Tgnes fatui, the Will o Wiſps, and 
ſuch Appearances as are ſeen by Night, near the 
Earth, about Pools and watery Places, they are of 
the ſame Claſs and Tribe: But being a more heavy 
kind of Vapour, and one that hangs about thoſe 
Places, they burn more ſlowly, and like a lambent 
Flame, having wavered a while to and fro, they 
commonly die, much about the Place where they 
had their Birth, 


FAM is a moſt elaſtic Fluid, and 'tis gene- 


rated by the vigorous activity of the minuter Parts 


of Matter upon one another. Thus Flame may 
be produced by the violent rubbing of two Boards 


to- 
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kindled Smoak. 


Tx x excellent Sir Frau Newton, at the End ; 


of his Opticks, renders it probable, 'tho' he mo- 
deftly propoſes it as a Query; That Flame is a 
Fume, Exhalation or Vapour heated red hot, that 
is, ſo hot as to ſhine : Becauſe Bodies do not fame 
without emitting a copious Fume, and the Parts 
neareſt the faming Body or the hotteſt, are what 
form the Flame. Smoak, paſling thro' Flame, can- 
not but grow red hot, and red hot Smoak can 
have no other Appearance, but that of Flame. 


ALL inflamable Bodies as Oil, Tallow, Wax, 
Wood, Pit-coal, Pitch, Sulphur, Cums, and the 
like, by flaming, waſte, and vaniſh in burning 
Smoak. If the Flame be extinguiſhed, they ſmell 
very ſtrongly, and the Smoak is then. very thick and 
viſible ; whereas by the Flame more of the com- 
buſtible unctuous Parts are conſumed, and then the 
Smoak. is not ſo copious. 


I N diſtilling hot and ardent Liquors, if the 
Head of the Still be removed, the Vapour will all 
take Fire at the Flame of a Candle ; the Fume 
will in that Caſe be all turned into F lame, and 
from the Suddenneſs of it, twill have a miſchie- 
vous Force, like that of fired Gun- powder; the 
Spring whereof we experimentally <7 ay is able to 
overcome the Tenacity of, and lift any other Bo- 
dies, even Rocks and Baſtions, provided it be well 
confined and the Abutments good. This is the 
Caſe of Mines that are ſprang with any Succels, 


and # 
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tagether; and ſuch Flame is no other than an en- 
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and of the Bullets, and Bombs projected from the 
Chambers of Qrdnance and Fire-arms'; for if any 
of theſe get vent, the Project ſurely miſcarries. 


Now there is no Flame, to be raiſed from Sub- 
ſtances, beſides that of Gun- powder, that can bear 
to be compreſs d, without being extinguiſhed ; but 
the Intenſity of this is fuch, that being once raiſed 
it cannot be put out. In all Exploſions. made 
thereby, it muſt be allow'd, that a few Corns of 
it only take Fire at firſt, and it thence ſpreads and 
increaſes, till the Spring thereof becomes firſt an 
Equilibrium to, and then often greatly over- powers 
the Weight to be removed. 


HEN CE a Quantity of Powder, confin'd in 
the Barrel of a Piece fired, will lift a much 
greater Weight, than a like Quantity fired under 
it in the open Air, and for the ſame Reaſona Charge 
of Powder, with a Wad upon it, will do greater 


Execution, than an equal Quantity thrown looſely 
into the Piece and fired. That all the Powder is 


not burnt, and therefore the Spring of an ordina- 


xy Charge not brought to the higheſt Pitch, it 
might be, appears from the Trail vf Powder, ob- 


ſerved commonly to lye on the Snow, for fome 
Space, before the Muzzle of the Piece in Fowling; 
and if a Charge of Powder be fired againſt a Mark, 
ſmeared over with Wax or Tallow, tis odds but 
many Grains of unburnt Powder will be found 
ticking thereon. 


' Tax. riffled-barrel'd Piſtols therefore, that is 


ſuch as have the Powder confined behind the Ball, 


to 


— 
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to do more Execution than thoſe of equal Dimenſi- 
ons, Without ſuch Advantage. And in general, it 
may be obſerved, that thoſe Fuſils, which have 
their Touch-holes ſo diſpoſed, as moſt readily 
to communicate the Flame to the greateſt Part- 
of the Charge, before the Exploſion is actually 
made, will always kill at fartheſt Diſtance. And for 
the fame Reaſon it is, that the longeſt Guns with 


equal l of n are found to have this 
E | 


GuN-powDsR fired in Vacuo, and when 
the Reſiſtance of the Air is removed, makes no 
Exploſion at all, but goes off corn by corn, 
8s they come to be ſingly lighted. This Ex- 
periment is repreſented Plate 9. Hg. 10. A is 
a Receiver, with a Reſervatory for un-powder 
at Top. B is a hot Iron, put in before Ex- 
— at Bottom. If when it is exhauſted, a 
ſmall Quantity of Powder be let down from A, 
by a Contrivance paſling thro' a Collar of Lea- 
thers, which will allow of the ſlipping of a Wire 
without admitting any Air, the forementioned 
Experiment may eaſily be made. But if it be ſe- 
yeral times repeated, the Exhauſtion ought to be 
continued, to prevent Miſchief ; becanſe the firing 
of the Powder generates Air, as may be — 
by the ſinking of the Mercury, during the Ope- 
ration, in the * 
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On the Riſe of VAPOURSs, their Formation 
into a CLOUD and their Reſolution 
into RAIN, Oc. | 


I cannot be denied, but that. the Air 
A 275 is, at all times more or leſs full of hu- 
= mid Particles, as appears by their fal- 
lung in an exhauſting Receiver, pro- 
ducing the Halo, and the other Ex- 
periments of the ſame ſort, mentioned Page 215, 
and the following. It is no leſs certain, that more 
Moiſture will be taken up and imbibed by Air in 
Motion than Air at Reſt, as is evident from Linen 
and other things, that are wet, becoming dry, much 
ſooner when there is a Gale of Wind abroad, than 
in calm Weather. Beſides, Dr. Halley's Experi- 
ments, propoſed in the Philoſophical Tranſadtiont, 
put this Matter paſt all Doubt. 


2 


TuISs Gentleman, in order to account for the 
Circulation of Vapours, cauſed an Experiment to 
be m—_— made, by the Operator to the Rœyal 
Society, at = College. whereby the Quantity 
of Water raiſed, and carried off in Vapour, from the 
Surface of ſtagnant Water, in a Place as free 
from Sun and Wind as might be, was determined 
to be exactly eight Inches deep, or perpendicular, 
in a Year. This fell very much ſhort of the 
Quantity of Rain, found by the French Acade- 
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micks, to fall in a Year at Paris, viz. 19 In- 
ches perpendicular; and ſhorter ſtill of the Ob- 
ſervations of Mr. Townley, who at the Foot of 
the Lancaſhire Hills, lying in the Neighbourhood 
of the Iri/b Sea, found there fell in a Year there 
above 40 Inches of Water perpendicular. So re- 
markable a Difference makes it evident, that the 
Sun and Winds are the principal Cauſes of the Eva- 
poration of Fluids; the one to raiſe the Vapour, 
and the other to carry it off. . . 


TRE Doctor, in the fame Courſe of Obſerva- 
tions, takes Notice of the Vapour, ſeeming at 
ſome times to adhere, or hang about the Surface of 
the Fluid, whence they rite, clothing it, as it 
were, with a Fleece of vapouriſh Air; at which 
Time the Evaporation appeared to be very little, 
by the ſmall Quantity of Water then loſt, in 24 
Hours, and this commonly happened when there 
was very little Wind ftirring : It is therefore pro- 
bable, that had theſe Experiments been made in a 
Place fully expoſed to Wind and Sun, the Expence 
of Vapour riſing, wou'd at leaſt, have compenſated 
the Return of Rain for a Supply. 


Axpo here it may be obſerved, that in ſtill 
Weather, when this Fleece of vapouriſh Air is 
lodged in greater Quantities near the Surface of 
the Water, both it and all Objects therean ſeem 
to be conſiderably raiſed, and to lye in a Level, 
above the Land. This can proceed only from the 
Refraction or Bending of the Rays of Light, coming 
out of a Medium of one Degree of Denſity, into one 
another; as may be exemplify'd, by a Quantity 

S 2 0 
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of fair Water, poured into a Baſon, which will 
then ſhew a Piece of Money, lying at the Bottom, 
to an Obſerver, from whom it was before ſcreened 
by the Brims of the Veſſel, and will apparently 
raiſe it, one third of the Water's Height. 


Ap for a like Reaſon, we. apprehend it is, 
that the Cattle grazing on the Je. of Dogs, are 
fometimes to be ſeen from Greenwzch,. at the 
Time of High-water; whereas tis never fo, when 
the Water is | * ſome have endeavoured 
to account for, by ſing the e of Dogs to 
be raiſed by the Tide. But *tis — — 
to conjecture, that in ſtill Weather, when this 
Appearanęe is moſt remarkable, that the Vapours, 
ialng from the Surface, are lifted up with it, in 
the Tides, and ſo exhibit an Appearance, which 
were they removed immediately by the Winds, 


' In ftill and ſultry Weather, when the Sun- 
beams ſeem to act with a general and equal Force, 
both on Land and Water, the Riſe of Vapours is 
then obſeryed to be more dull and languid. When 
they gleam, as it were, from behind, or thro' a 
Cloud, and there is ſomething of a Motion in the 
Air, or a Wind abroad, they riſe in greater Plenty. 
And in very hot Climates, as Doctor Halley in- 
forms us, they mount in ſuch Abundance, that, in 
St. Helena, 'in Latitude 16 Degrees South, - his 
Glaſſes for Obſervation, were very often, and very 
ſoon covered with Water. And even in hot 
Weather, in our Climate, the Dews, which are 
only - Vapour condenſed, are found ſufficiently 
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copious. Morning and Evening, in that Seaſon, 
when the Sun is but low, the riſing of Miſts from 
Rivers, Pools and moiſt Places, is frequently very 
viſible, and this is generally the Fore-runner of a 
hot Day. As the Sun gains Height, the con- 
tinued Riſe of Vapour is indeed not ſo apparent; 
but as the Cauſe of their Riſe, the Heat increaſes, 
there is no Room to ſuſpect, but that the Effect is 
all along proportionable to it. 


Ir has been Matter of great Diſpute among Na- 
turaliſts, how the Waters which form the Clouds, and 
which deſcending often deluge over vaſt Tracts of 
Land, come to be ſuſpended in a Fluid, io much 
lighter than Water. Some have imagined, that Par- 
ticles of Fire, ſeparated from the Sun- beams, adhe- 
ring to thoſe of Water, make together little Maſſes 
of Matter lighter than Air, and which therefore riſe 
therein, till they come to ſuch a Part of the At- 
moſphere, as is ſpecifically, or Bulk for Bulk of 
the ſame Weight with themſelves, there forming 
a thin Cloud. And they ſuppoſe that Rain is pro- 
duced by the Separation of thoſe Particles of Fite, 
on Occaſions, from them, whereupon they coaleſce, 
and then fall, according to their own Gravity, in 
Drops of Rain or Dews. | 


| Tx1s Hypotheſis, as Doctor Deſagulzers juſtly 

obſerves, in the Philoſophical Tranſattions, is 

not without Objections. As 1. Fire has never 
yet been proved to be a diſtinct Element, or a par- 
ticular Subſtance ; and the Change of Weight of 
Bodies, in chymical Preparations, heretofore preſu- 
med to riſe from the Adheſion of Particles of Fire, 
- 8 3 "arc 
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are proved by Mr. Hales, in his Vegetable Sta- 
ticks, to proceed from the Adheſion of Particles of 
Air, which he has there ſhewed, to be abſorb'd, 
by ſome Bodies, in good Quantities, while it has 
been generated as faſt by others; and that it may 
even be abſorb'd and generated ſucceſſively, by 
the fame Body, under different Circumſtances. 
2. Should the above-mentioned Suppoſition be 
aliowed, the fiery Particles, joyn'd with the wa- 
tery, muſt be of conſiderable Bigneſs, and a Per- 
ſon paſſing thro' a Cloud, in aſcending a Hill, 
muſt therefore be there ſenſible of an extraordinary 
Degree of Warmth, which does not happen ; for 
the Vapour is there found to be really colder than 
Rain itſelf, falling at the Foot of the Hill. Be- 
ſides the Manner in which theſe Particles of Fire 
miglit be ſeparated, from thoſe of the Water, is 
to be conceived from no Phznomena yet obſerved, 
and ſeems therefore to be merely hypothetical. 


THE ſecond Opinion concerning the Riſe and 
Suſpenſion of Vapours is, that tho Water be ſpe- 
cifically many times heavier than Air, yet if 
the Surface of it be encreaſed, by greatly dimi- 
niſhing the Bulk of its Particles, it cannot eaſily 
fall; ſince the Weight of each Particle is known 
to diminiſh in Proportion to the Cube of its Dia- 
meter, whereas the Surface, to which the Air re- 
fiſts, decreaſes only as its Square; and this is ſuſ- 
ficiently evident, from the floting of Duſt, Motes 
and other light Bodies a long Time therein, ac- 
cording as they are more leſs minute. 


Tr1s however, will not explain the Matter 
befoie us, to Satisfaction; becauſe tho' the w 
creaſe 
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creaſe of Surface, the Weight continuing the ſame, 
may in great meaſure hinder, or retard the Deſcent 
of very ſmall Bodies in the Air, on Account of 
its Reſiſtance to a Surface, fo much in Propor- 
tion larger than their Bulk, as aforeſaid, it will 
for the ſame Reaſon, alſo impede their Aſcent 
therein. And 'tis known that the riſing of Duſt, 
Sc. in the Air, is owing always to ſome, outward 
Force or Motion apply'd ; whereas Vapours con- 
tinue to riſe, as well in calm as windy Weather; 
neither do they always fall to the Ground, or 
ſubſide therein, when the Wind ceaſes, 


THe third, and moſt received Opinion, of this 
Matter is, that by the Action of the Sun, on the 
Surface of the Water, the aqueous Particles be- 
come formed into Spherules or Bubbles, filled with 
an Aura, a much finer Air, or one highly rarified, 
which thus becoming ſpecifically lighter chai com- 
mon Air, muſt therefore riſe therein, by hydro- 
ſtatick Laws, till ſuch time as they meet with ſuch 
an Air as is, bulk for bulk, of their own Weight. 


THr1s ſeems indeed, to be the more probable 
Suppoſition; but to ſupport it, the following Que- 
ries muſt be anſwered. t. How comes the Axra, 
or ſubtle Air within the Bubbles, to be at all 
ſpecifically lighter than that without them; ſince 
the Sun's Rays muſt be admitted to heat the one 
equally with the other, and to beat equally ftrong, 
on every Part of the Surface? 2. Was it pöſſible, 
that a rarer could be thus ſeparated from the am- 
bient Fluid, what ſhould hinder the cold Air, 
they needs muſt meet _ in their Aſcent, from 
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reducing theſe Bubbles, by contracting their Con- 
tents; as Bubbles of ſoaped Water commonly are, 


notwithſtanding their Tenacity is much greater 
than that of common Water, when blown up by 
warm Air from the Lungs? And 3. Was it rea- 
ſonable to admit the reſt of the Suppoſition, a 
conſiderable Difficulty will yet remain, vzz. if 
Clouds were thus conſtituted of Shells of. Water, 
filled with Air, in its own Natuze elaftic, why 
ſhould they not always expand, when the circum- 
Jacent Air 1s rarified, and why not be condenſed, 


when the Weight of the Atmoſphere is there in-. 


creaſed ? This muſt be the natural Conſequence, 
was the Hypotheſis true, and the Clouds wonld 
ſink and rite in the Atmaſphere, on every Alteration 
of Weight therein, without giying us any Rain at all. 


Tur Doctor then ingeniouſly propoſes ano- 
ther Hypotheſis, whereby to account for the Riſe 
and Suſpenſion of the Vapours in the Atmoſphere, 
from the Elaſticity and Repellency obſerved, in 
the Steam of boiling Liquor, capable of protuding 
either Air or Water from any Veſſel; and ſuppo- 
ſes, the Repellency of the Particles of Vapour to 
be always in Proportion, to their Degrees of Heat. 
Hence he calculates the Force of the Vapours 
raiſed, taking (with Sir Iſaac Newton, the Heat 
of boiling Water at 34; when the Thermometer 
will ſhew our Heat in the Summer to be 5, in 
Winter 2, and in Spring and Autumn 3 of thoſe 
Parts) and computes the Height, to which they 
accordingly mult riſe, comparing their Elaſticity 
with that of the Air, on which Heat has a much 


leſs conſiderable Effe& : Since that Degree of 
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Heat, which will expand Water 14000 times in 
boiling, will rarity Air only two thirds, He next 
conſiders the Effects, the Cold found near and a- 
boye the Earth, muſt have, in condenſing thoſe 
Vapours, and forming, the Clouds, and thick that 
the Diſtance they are obſerved to flote at, from 
the Earth, in the various Seaſons of the Year, 
fully correſponds with this Theory. 


Bou r neither does this ſeem to be abſolutely free 
from Objections. For in Diſtillations, the Liquor 
boiling in the Still, over a brisk Fire, raiſes a great 
Quantity of Steam into the Head, which endea- 
yours to make its Way immediately down the 
ſpiral Pipe or Worm, uſually ſet in a Tub of 
Water, which being cold, when the Still begins 
firſt to work, condenſes the riſing Vapour very 
faſt. As the Water near the Worm is heated by 
the continued riſing of the burning Steam, it con- 
denſes it indeed ſomething ſlower ; but yet, when 
this Water is become ſo hot, that a Man can ſcarce 
bear his Hand in it, it does continue to condenſe 
them into a groſs Fluid a-pace. Now as the Mi- 
tigation of the Heat of Vapour and lowering it, 
from that of boiling Water, is attended with this 
Effect, and as very little Vapour is raiſed in the Still 
before the Liquor actually boils, it may be pre- 
ſumed, that the Repellency of the Particlesof Steam, 
under the Degree of a boiling Heat, is inconſider- 
able, in promoting the Riſe of Vapours, to any 
great Height in the Atmoſphere, or of producing 
the thing propoſed, Beſides Steam of any Heat 
whatever, if it be not ſome how confined as above, 
but be let in the Air looſe, like that riſing from a 

Seething- 
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Seething-pot, or flaking Lime, as far as we can 
trace it, that is, as long as it continues viſible, 


does not, by its Motion, ſhew any vehement Diſ- 


_ poſition, or Tendency towards riſing ſteadily, and 

the ſhorteſt Way, into ſuch Part of the Atmo- 
ſphere, as is of equal Gravity therewith. But it 
rather ſeems vaguely to fly hither and thither, till 
It can be abſorb'd and taken in by the Air, warm'd 
thereby in the ſame Manner, as the Breath from the 
Lungs, and other humid Vapours ate received 
thercin, as mentioned in Page 216 of this Treatiſe, 


Fox Want therefore of a more perfect Theo- 
ry of this Part of our Meteorology, at preſent, 
we muſt content our ſelves with obſerved Facts. 
And it being evident, that rare and warm Air, 
together with the humid Particles, it ſhall at 


any time imbibe, will emerge and ſwim in Air 


that's denſe and cold, to ſuch a Height as will 


make it loſe a great Part of its Denſity, for 


want of the ſuper- incumbent Preſſure ; it will 
therefore let its watery Particles fall ; and being 
aſſembled in good Quantity, they at laſt form a 
floting Cloud, and become viſible, by the Re- 
flexion of the Rays of Light, which falling by 
various Angles thereon, exhibit various Colour- 
ings, and a Multiplicity of Forms, to the Eye 
of an Obſer ver. 


TuE Sun ſhining, with equal Strength, on 
the Surface both of Land and Water, will affect 
them differently : A, great Part of his Rays are 
reflected from the ſolid Earth, by the ſame Argle 
in which they fall thereon, whereby the Air is 

more 
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always more rarified over that, than over the Water, 
which abſorbs moſt of them, and reflects but few. 
Of Conſequence then the light Air will mount, 
and conſtantly riſe over the Land, and the denſe 
and vapourous Air from Sea, will crowd after i 
to make good the Deficiency, as in the Caſe of 
the Land and Sea-breezes, was explained Page 
288 ; and. hence abundant Matter will there þe 
collected, towards the Formation of a Cloud, 


Ix then the Seaſon be inclined to wet, and e- 
ſpecially if there be an Eminence upon the Iſland, 
(round which the Air, being always colder, as ha- 
ving the Sun-beams reflected thence in a greater 
Variety of Directions, and conſequently denſer than 
it can be over the Campaign) the more thin Air, 
charged with Vapour as before, will ſtream thi- 
ther on every Side, and mounting the Sides thereof, 
as Smoak up a Chimney, will ſoon envelope, and 
hood over the Top on't with a Cloud: And ſhould 
this Diſpoſition to wet continue, the Vapour will 
keep riſing in this Manner, till it condenſes fo 
faſt as to become a heayy Rain, filling perhaps the 
whole Country. 

AN Appearance of this Sort, on the Top of 
Hills, the Pite of Teueriſfe particularly, is not 
uncommon ; and the Mariners often ſee a very 
ſmall Cloud at firſt, which they therefore call 
the Bull's- Eye, gathering over a ſmall Iſland in 
the Ocean. This frequently increaſes ſo faſt, by 
the Acceſſion of light and humid Air from the 
Water, that it fills the whole Horizon very ſoon, 
with Rain, attended with a Tornado often of 
Wind, 
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Wind, Lightning and Thunder; and the Storm 
is more or leſs violent, according as Quantities of 
Matter happen there to be amaſſed for the Pro- 
duction of each, as beforeſaie. 


And here it may be obſerved, that in a Storm 
of this kind, the Wind is always found to blow 
from the Place where'it rages moſt, whichis a plain 
Intimation, that theſe extraordinary Commotions in 
the Air arc really produced by the Exploſions of 
Matter meeting therein, and diſagreeing in the 
Manner heretofore propoſed, Page 445, whereby a 
different Direction is given to the Body of Air ad- 
jacent, driven thence as from a Center. 


An Experiment to prove our Hypotheſis, for the 
general Formation of Clouds over lands, Promon- 
tories Capes and the Sea-coaſts, probable, may 
be thus effected. Take a large Diſh, fill it with 
cold Water ; into the middle of this, put a Wa- 
ter- plate, filled with Water warmed. The firſt 
will repreſent the Ocean, drinking in the Sun-beams 
falling thereon, the laſt an Iſland reflecting them, and 
heating the Air above it more. Blow out a Wax- 
candle, and if the Place be ſtill, on applying it 
ſucceſſively to every Side of the Diſh, the fuligi- 
nous Particles of the Smoak, being vifible, and 
very light, will be ſeen to make toward the 
Plate, and riſing over it, point out the Courle 
of the vapourous Air from Sea to Land. Again, 
if the ambient Water be warmed, and the Plate 
filled with Water cold, let the ſmoaking Wick 
of the Candle be held over the Center of the 
Plate, the contrary will happen; and a Demon- 


ſtration thereby be alſo given of the ä 
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Conſequences, both of the Land a N 
md as before i in Tp 288. 


ä WAs the Globe of the Farth one n Wa- 
tery Surface, and had the Sun, as now, his ap- 
parent diurnal Motion round it, a certain Quantity 
of Vapours would be daily raiſed and retained by 
the Atmoſphere. Theſe Vapours, when the Ait 
came to be condenſed on Nights, would, tis pro- 
bable, as conſtantly ſubſide and fink in Dews; as 
Salts will often precipitare to the Bottom, where Li- 
quors, ——— there with, come to cool: Not 
in this Caſe could any Diverſity of Weather de 

expected, other — 3 ery Year as 
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ſperſed, as it is, with ſpacious Tracte of Land, oonſiſt- 
ing of various Soils, lying in various whence 
Benarthtione may allo riſe, not of the watty kind, 
and by their Diverfity, as was explain'd — in 
Caſe of the Winds, occaſion Variety of Weather: 
This Land, of different Altitudes, and in particular 
Places, ribb'd with. high Mountains, ſuch as the 
— rene an, the Alps, the Appenine, and . Carpa- 

jon Hills in _ Taurus, Caucaſus, I. 
— and others of Note in Aſia : | Atlas, "and 
the Mountains of the Moon, with other Ridges in 

Abyſſinia, and the leis known Partsof Africa. And 
in America the Andes and Apalatean Mountains, 
all far ſurpaſſing the uſual Height, to which the wa- 
try Vapours aſcend, will cauſe a conſiderable Diffe- 
rence : por theſe by their Eminence and Situation, 
either collect humid Particles from the * 


270 .". The Motion of FLUID H 

Sea and Plains, or intercept them, being tranſport- 
ed thither by the. Winds, where mounting up the 
Sides of the Mountains with the Air, and conden- 
ſed, are there frequently daſhed together, and ſo co- 
ming within Reach of each others|AttraCtion, coaleſce 
in larger Drops, and immediately fall in Rains and 
Dews, or elſe ſettling round the Eminence, gut- 
tet and gleet down the Surface of the Stone, and 
uniting often form a Rill. Several ſof theſe, col- 
lected in a common Channel, make a Brook; Va- 
riety of theſe a Stream, and an Aſſemblage; | of 
Waters: from a Diverſity of theſe, dreining per- 
haps a vaſt Tract of Land becomes a River, like 
the Rhine, the Rhone, the Thames or Danube. 


IN order to eſtimate the Quantity of Water 
raifed in Vapour from the Sea, and to compare it 
with the Returns made thither by the Rivers, 
which conduct it back. Doctor Halley has con- 
ſidered the Mediterranean-Sca,. into which nine 
very conſiderable Rivers, vi. the Ebro, the 

Rhone, the Tyber, the Po, the Danube, the Ne- 
iſter, the Boryſtenes, the Tanais and the Nile 
are continually emptying themſelves; beſides the 
Supply, always coming into this Sea, from the 
main Ocean, thro' the Streights of Gibralter, with- 
out raiſing the Waters therein one Jot. | 


H x judges the Extent of the Meadzterranean, to 
be about 160 ſquare Degrees, 40 long and 4 broad, 
and thinks that each of the above-mentioned 
Rivers, ' affording about ten times the Water, diſ- 
charged by the Thames, in a Day, may be adequate 
to that brought thereinto, as beforeſaid, ann is, 
ey 1827, 
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1827, 00, oo0 of Tuns. But by a nice Experi- 
ment, he made on ſome Water, falted to the fame 
Degree with that of Sea-water, which he evaporated 
with Care oyer a gentle Fire, and to brought the 
Heat of it up to that generally found in the Me- 
diterranean, of whith he Judged, by help of a 
Thermometer. He from his Obſervations calcu- 
lates, that in ſerene Weather, there muſt be at 
leaſt, 5280,000,000 of Tuns exhaled thence in a 
Day, and in windy and troubled Weather, much 
more. Some Part of this, no Doubt, often ſinks down 
again therein in Rains and Dews ; but far the great- 
er Part is either tranſported by the Winds, or is in- 
clined to draw toward the adjacent Lands as be- 
forefaid, to Water the Productions of the Earth, 
which may all eaſily be traced back to their origi- 
nal Water. Of this a good Part indeed remains in 
a fluid State, and is therefore capable of being again 
circulated on Occaſions, for the Purpoſes beforeſaid; 
but a no inconſiderable Part becomes fixed, and ab- 
ſolutely loſes its Fluidity. 1 


For Inſtance; a Quantity of Earth has been 
ſifted, put into an Oven, well dried, and then 
weighed ; this has been put carefully into a Tub, 
a Plant weighing 4 Ounces perhaps has been ſet in it, 
and well watered, it has in due Time grown to a Tree, 
weighing perhaps 601b. when taken out of theMould. 
The Mould has been again dried and weighed, as 
at firſt, and the Weight thereof found not in the 
leaſt diminiſhed, And the fame thing conſtant- 
ly happening to _ Thing produced by the 
Earth, the- Solids muſt therefore hourly increaſe 
upon us, the Fluids decreaſe, and the Sea-water 
grow 
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grow ſtill more and more diſtaſteful and bitter. 80 
that in a Length of Time, the Earth is finally in 
Danger of loſing her Fluids wholly ; and whether 
this deplorable Time may not be ſignified by the 
general Conflagration expected, at the Conſumma- 
tion of Things is ſubmitted to the Reflection of the 
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On the ORIGIN and SOURCE of 
_ SPRINGS. 


FARRAR. has been already hinted, that the 
2 2 Hills are of ſingular Service to Man- 
2 | 1 IR kind, in collecting the Particles, which 
SES thence deſcend into the lower Lands, 
and water the Earth. There are in the 
World numberleſs Inſtances of this kind. Mercator 
ſays, that toward the middle of the Ifland of 
St. Thomas, there is a Mountain, well ſtor'd with 
Wood, which in that hot Climate is always co- 
ver d with thick Clouds, even when the Sun is in 
the Meridian; whence proceed gentle Streams, ſuffi- 
cient to water all the Sugars in the Plantations. It 
may therefore reaſonably be preſumed, thatthoſe hu- 
mid Particles, which in theſe Places, neither fall in 
Rains, or trickle down the out- ſides of the Hills, 
are percolated by Degrees thro' the Pores of the 
Earth, and paſs along the Crannies of the Stone, till 
they find their way into ſubterrancan Reſervoirs ; 
which being thus ſucceſſively ſupplied with Vapour 
condenſed, cauſe them to oyer-flow and ſo feed the 
Spring 
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Springs, that more frequently break out of the Sides 
of theſe Eminences, than in any other Place, And. 
thus may the Circulation of Moiſture be ſuppoſed to 
be carried on progreſſively, between the higheſt and 
the loweſt Parts of the Earth, in a more reaſonable 
Manner, than as ſome affect to do; ſuppoſing either 
i. * Springs are the Reſult of Rain Water 
only, tho tfley flow continually, and often with- 
out Diminution in the drieſt Seaſons, and when 
no Rain has fallen for a long Space of Time; or 
2, That they are derived from a Filtration or Per- 
colation of the Scaswater, thro' certain imaginary 
Tubes or Paſſages, within the Earth, in doing 
whereof they are, with no great Probability, ſaid 
to loſe their Saltneſs; which, beſides many others, 
labours under this Abſurdity, viz. That ſome of 
the greateſt Rivers in the World, have their moft 
copious Fountains, fartheſt from the Sea, and often 
at ſuch a Diſtance, that it is hardly credible ſo vaſt 
Quantities of freſh Water, ſhould fo iuckily find 
a Way thither, by the Means beforetaid. 4 


Ir is improbable, for Inſtance, that ſuc a Ri- 
ver as the Nile, whoſe Source is ſome hundreds 
of Miles from any Sea, in a high and mountain- 
ous Country, and in the middle of the torrid Zone, 
ſhould at periodical Times, roll down firſt a great 
Quantity of turbid Water, and fill his Bed, and 
that be followed by ſuch a Flood, as lays a flat 
Country, of ſo large an Extent as Egypt is, under 
Water, from which Ad vantage, it becomes a ſort 


of Granary to the Eaſt, and which, without it, 
would probably, be as barren, as are its neighbour- 
ing Deſarts, | 


'T Tak 
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TRE Attraction of Cohchion, TIO "the 
Caſc of Springs, bears po Proportion to theſe Ef. 
fects. If this Cauſe be continual, it 1s doubtleſs 
uniform. Whence then comes it, that the Innun- 
dation Is periodical : ? Rain in that Cou try can- 
not be the” Cauſe: Egypt i is too well 4 rounded 
by large Continents to Know what Rain. K But 
it is not unreaſonable to believe, that the Source 
of this famous Riyer, lies near the Fogt of the 
Mountains of Ahyſinia, which when the Sun is 
near the North Tropick, ard the Wind North- 
eaſterly, collect and condenſe the Ay directed 
thither, when the rainy Seaſons in thoſe Latitudes 
uſually begins; hence they roll down into the 


flat l and e The before-mentioned 
Effect. T 


AND as there are ſandr 7 Places of the Earth, 
where it ſeldom, or never rains; {© there are o- 
thers, where it is almoſt always dripping. The 
firſt are extenſive Flats, where there are no Hills 
to ingercept, and ſtop. the Moiſture, floting in 
the Winds ; the other are mountainous Places, that 
catch all that comes into their Way. Hilly Coun- 
tries therefore never want an over Proportion 
of Rain, for which they often indeed rob their 
neighbouring Plains. The Deſign of the Hills in 
general therefore, ſeems to ag this: They are 
placed by Providence, commonly about tlie Tin. 
dle of the ſeveral Continents, that they might 
ſerve, as it were, for Alembicks, to diſtil freſh 
Water, for the Support of vegetable and animal 
Life. And by their Height, chey are of 9p Ie 

c 
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Uſe, in giving the proper Deſcent, to the Streams 

they produce, that they may flow. gently, as the 

Fluids do in the Veins of the Body, in every Part, 

that they be might of more general Uſe and Bene- 
fit, to all the Dwellers upon Earth. 


Ar the fame time however, that we affign the 

rincipal Origin of Springs to the. Circulation of 
Vapoark. we cannot but obſerye, that many of 
thefe are Temporary, others Perennial ; the firſt 
flow 1 carifally in moiſt, Weather, and then are 
often long dry; others iſſuing from the Bowels of 
no great Eminencies, yield conftantly, even in 
the greateſt Droughts, an equal Quantity of Wa- 
ter. This can only Hes from a proper Supply, 
being happily furniffled, by fubterraneous Paſſages, 
which lead, from the Parts N being higher 
ſituated, a conſtant Veit of Water, to the Place of 
its breaking forth. Nor can it be denied, but that 
Vapours may, by the Heat of the Earth only, 
riſe. from the Bottom of the Caverns, ſometimes 
found- in' the Belly of huge Hills, as in an A- 
lembic, and being condenſed above, gleeting down 
the Sides, may repleniſh natural ſtone Receivers, 
from time to time, within the Hill; (ſomething of 
which ſort, I have my ſelf obſerved in Pool's Hole, 
in Derbyſbire) whence they glide, on the firſt 
Bed'of Clay or tenacious Earth, they meet withal, 
till thro' ſome Aperture in the Earth, they make 


their Way. 3 
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On Hair, SNow, and FROST. 


AI L. appears to be no other than Drops 
of Rain, congealed by the Cold, always 
Th) ot. found in the. upper Regions of the 
SYRMSE) Air, beyond the Reach of the Re- 


NS. 
e e | 
'©VS flexion of the Sun-beams from the 
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Earth. Being opened, there appears ſomewhat like 


Snow, of a looſer Contexture than Ice, in the 
middle of the Hail-ſtones, and the reſt of them 
ſeem to lye, one concentric Kernel upon another. 
They often differ much in Size; the larger ſort, by 
the Violence of their Fall, ſhew they come from a 
great Height, and tho' at their firſt Out-ſetting, 
their Bulk might not perhaps, exceed the ordina- 
ry Size of common Hail, yet in their long Jour- 
ney, ſuppoſing the humid Medium, thro' which 
they pals'd, inclined alike to Congelation, they 
probably increaſe their Bulk, throughout their 
whole Paſſage. And that they do fo, by the Ac- 
ceſſion of freezing Vapours, appears in Part by 


their being commonly of a looſer Texture than 
Ice. 


Ha1r is a frequent Attendant on Thunder and 
Lightning, whence it may be conjectured, that 
the Nitre of the Air, then abroad in great Quan- 
tities, contributes greatly to the Congelation there- 
of. That Nitre will produce a like Effect on Wa- 

tet 
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ter will appear, by mixing a Quantity of it, or 
even common Salt, with ſome Snow or Ice pulve- 
rized : In this Mixture, diſſolved before the Fe, 
immerſe a Bolt- head, full of common Water, and 
it preſently freezes, even in warm Air. The Ex- 
periment is deſeribed Fig. 12. Plate 9. The Bolt- 
head AB, is filled with Water only to C. This 
immers d in the beforeſaid Solution will, from the 
ſudden Conſtriction of the Glaſs, firſt meeting with 
the Cold, immediately riſe in the Stem, perhaps to 
D. Soon after it will gradually deſcend from that 
Point, condenſing, till it comes down, and ſettles 
perchance at E, where for ſome time it remains at 
Reſt. But it ſoon recovers it ſelf, and beginning 
to expand, riſes gradually from E to F, and thence 
ſoon after, by one Leap to G. The Water in 
A is hereupon, ſeen thick and cloudy, and in the 
fame Moment ſeems to be converted into Ice. As 
the Water in A, however becomes more congealed, 
and the Ice hardens, part of the Water will over- 
flow at B, in order to give it Room to do 'fo. 
Hence it appears, that all Fluids, except Oil, 
which alone is more, contracted in freezing, become 
ſpecifically lighter about a Tenth; tho all infe- 
rior Degrees of Cold, make them ſeem ſpecifically 
heavier by Contraction: Ice therefore always flotes 
on the Surface of Water. 7; $1100 


Ir may here alſo be remarked, that a Quan» 
tity of Water, before and after it has been frozen, is 
found to differ conſiderably in Weight, whence it 
may be concluded, that the Evaporation ceaſes 
not, both when the Water is freezing, and even 
in a State of Ice; and this inſeparable Quality 

| 1 ren- 
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— it difficult to ſay, whether Gigprific. Par- 


tieles, which deprive Bodies of their Heat, if 
ſuch there be, have any Weight or not. = 


T HE Prindinle Authars have gone ez in or- 
der to ſalve. the Phœnonema of Ercezing, are ei- 
ther 1. According to Gaſſandus; ; that ſome fo- 
reign Matter. is introduced into the Pores of the 
Fluid, by Means whereob i its Bulk is yr 
ni its Parts become fixed. | it , 


Ax theſe Gentlemen, | to "fave it, Ss to 
certain nitrous Particles, properly formed to pro- 
duce this Effect; in regard - Sah-ammoniac, * 
ꝑetre, Salt of Urine, and many other volatile 
and alkalizate Salts, mixed with Water, increaſe 
its, Degree of Cold very fenſibly. And rhe Man- 
ner in which theſe Particles are preſumed to 
binder the Fluidity of Mater is, that they 
are conſtituted of rigid pointed Spicula, eaſily they 
tay, driven into in Globules of Water, which, 
being variouſly mingled, and as it were intangled, 
together, by Degrees 1 an pines 0, 
whe Motion _— TOUT 4 


2. Tur 8 &f Dor Cortes 1 that 
ſome Matter, naturally contained in the Fluid, is 
by an intenſe Degree of Cold expelled, thro' the 
Abſence of which, the Body becomes fixed. And 
this they preſume to be brongtit about by the Re- 
cets._ of the . therial Matter, to which they 
aſcribe all Motion of Bodies, out of the Pores of 
the Water q or at leaſt to a very large Abatement 
of it. And. conſidering the known 2 

01 0 


3 g. TS FFS 28 2. 


5 A. 22 88 


_ 1 «a4 a ou 


NATURAL wid ARTIFICTAL. 259 


of the Preezing of the natural Fluids (the At- 
traction and Repulſion of whoſe Parts, in 4 State 
of Fluidity are pretty nearly equal, and there- 
fore eaſily moved one among another: As alſo 
from the melting of ſuch as are only reduced to a 
State of Fladity by Heat, the Parts being put 

under à Degree of i Vibration, Which 
by Cold again become rigid, wherein the At- 
traction of their Parts ſeems greatly to over- 
power their Repulſion; whine proceeds what 
we call Coheſion, Tenacity, Viſcidity, and the 
like) we cannot but have Recourſe to one or other 
of the Syſtems above-mentioned, for a Solution 
tho' neither of them may at preſent come under 


Proof, by any Experiment, and are therefore Pure= 
ly hypothetical, 45 l 


Bur the third Opinion on this Subſea: ac- 
cording to a late French Author is, that there is 
ſome Alteration produced in the Textate or Form 
either of the Aly Particles, of of N con- 
tained in them. ele 


I Pedf of this 1 it may be oblerved, that 
a Globule of Water, held on — Point of a Needle, 
in a ſmart Froſt, will upon freezing, ſhoot itſelf 
out into 4 Star, having a certain Num er of 
Points; and Snow, Which is a frozen Vapour, 
ſeems to be no more than' a Congeries of theſe 
Stars, united to each other, by the Tips of thoſe 


Poitrts, and by no means adapting themſelves to, ot | 


filing the Interſtices © between them: It muſt 
thence follow, that the Pimenſions of a Quantity 
of Water, reduced thus by Cold, from à fluid to 
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MR 4 


280 The Mation of FLUIDS, © 
a fixed State are conſiderably enlarged. Nor are 


any Pipes or Veſſels ſtrong enough to reſiſt the 
natural Power of tllis Congelation, but they ge- 
rally burſt whenever the Fluid, therein confined, 


happens to be frozen: And a Force, capable of ma- 
king a ſtout Gun- barrel fly, will be eaſily admitted 


gently to heave the Soil in a Froſt, thereby 
rendering it more light, that fo the Fibres of Plants 


are able to ſhoot afterwards therein, with greater 


Freedom ; whence may proceed, probably, the. 
general Fertility of ſuch Summers with us, as ſuc- 


ceed hard Winters; not to inſiſt on the Deſtruction 


1 


Froſt uſually brings upon the Ova of Inſects, and 


other noxious Ani 


Ir may farther be obſerved, in favour of this 
laſt Opinion, that Ice being never ſo tranſpa- 


rent as Water, the Rays of Light do not paſs 
thro' Water congealed and fluid, in the fame. 
Manner, which ſeems to imply, that the Con- 


texture and Connection of the Parts of this Fluid 
are changed and become differently combined, in 
theſe Circumſtances, and Snow, wherein this Change 
of Parts is moſt remarkable, is ſtill far more opake 
than Ice. | 
IF we look warily among the regular and in- 
tire Flakes of Snow, as has been ſaid, we always 
find them conſtituted of Rowels of fix points, ad- 
hering to each other, by the Ends of thoſe Points; 
ſometimes however, they appear in broken Points 
and Parcels, that ſeem to be only Fragments of the 
regular ones, and ſome there are, that ſeem to be 

__.. Wholly 
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wholly unform'd. This probably proceeds from 
the Accidents they have met with, in their De- 
ſcent to the Farth, as by -various Winds in their 
ar du they may be firſt thaw'd and then frozen 
perhaps again, to occaſion this —_— Irregu- 
larity. 


T x © Snow ſeems to be loft, it is „ als hard ag 
Ice ; anddid not the Points melt, on the Approach 
of the Finger, they would appear ſo to the Touch, 
as when it is cruſhed by the Foot, it really does. 
It is however very light, on Account of hs ex- 
tream Thinneſs of each Icicle, and of its large 
Surface in Proportion to its Weight; and Gold, 
tho' the moſt ponderous of Metals, will caſily ride 
a the Air, we Know, when beaten into thin 

ves. 


Snow is white, becauſe it conſiſts of Parts 
that ſingly are tranſparent ; but when they. are 
mixed together, they appear white, as do the Parts 
of Glaſs, Froth and other diaphonous Badies, 
whether * or hank, ET 
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ber OUND, is itſelf not a Body, but 
WEE a Motion, accidentally impreſſed on 
the Body of the Air, by the Tre- 
d mors of ſounding Body, excited ei- 

WAR ther by Percuſſion or the like. 
Ir is.a Motion very different from that of the 
Winds, which conſiſts in the local Motion of tlie 
Air, or a Stream of it lowing ſucceſſively, with- 
out the leaſt Vibration ; wheteas Sound is con- 
veyed by ſuch a Motion of this Fluid, as is in- 
capable of producing any Repetition thereof in the 


F 


fame Place; but haying once floted along” the 


* 


Medium, by the Ear, the Sound ſeems to drop at 


once and be thence. forward there wholly loſt, un- 


„ 
* , 


leſs it be reflected thither. | ©, 


TRE Motion of the Air in the Winds will act 
vigorouſly on Flame; but it affects not the Ear 
with Sound, unleſs it meets with ſome fixed Ob- 
ject, the Reſiſtance whereof, cauſing a Vibration 
therein, it then becomes andible. But the Agi- 
tation of the Air, in the Caſe of Sounds, gives no 
Motion at all to Flame: For a lighted Candle, 
put near a great Bell, when made to Sound, will 
not have its Flame agitated thereby in the leaſt. 
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Sir Iſaac Newton Jemonſiraneh/4 in che 4 17 Id 
poſition of the 20 Book of his Principia, that 
Sounds, as they riſe from the tremulous Motion 
of elaſtick Bodies, are nothing more than the Pro- 
pagation of a Pulſe in the Air ſhaken thereby, 
and this is confirmed by the great Tremors, that 
ſtrong and grave Sounds, as the Neport of Cannon, 
or the Ssund © * pay Bells, excite in Bodies all 
round them. And he concludes, ' that Sounds. do 
not conſiſt in the Motion of any ther, or finer 
Air, as ſome have aſſerted; but in the Agitation of 
the whole Body of the groſſer Air contiguous, be- 
cauſe by Experiments we find, that the Motiot of 
Sounds, and their Propagation depends OY 

upon the Denlity of the whole Air. 85 


To prove biz if we put a thaw eas Bell 
under a Receiyer and ring it, it will be heard to 
a good: Diſtance ; exhauſt the Air, and make the 
Clapper / ſtrike againſt the Sides, the Sound will 
gradually abate, and when the Atmoſphere is 
quite removed, it will ſcarce be heard at all. As 
gain, if the Air be condenſed in the Receiver, the 
Sound will grow louder and louder, in ai juſt Pro- 
portion to the is or the Fr ch of 
Air evan in. 


Ne OR does this oven only in forced Rae 
factions and Condenſations; but in ſuch alſo as 
are natural, as is evident from Fredlicaus's Ac- 
count, given in Vareniuss Geography, of his 
Journey to the Top of the Carpathian Mountains 
in Hungary, ſaid to be higher than the Alps. Here 


the Atmoſphere, on account of the — 
0 
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of its Height, with regard to the Sea and lower 
Parts of the Earth, muſt be very much attenua- 
ted; and the Exploſion of a Muſquet there fired, 
ſeemed to him to ſound, but as the Breaking of a 
little Stick. wore | 


Tu E Sound of the Bell continually ſenſibly in- 
creaſing, on the gradual Re-admiſſion of the Air 
into the Receiver, plainly ſhews, that the Quan. 
tity of Sound depends on the Degree of the Con- 
denſation. Mr. Howksbee's Experiments on Sounds, 
made in the condenſing Engine, put this Matter 
alſo beyond all Doubt ; and ſuch Perſons, as at great 
Depths of Water, in the Diving-bell, have their At- 
moſphere very denſe, and of conſequence very ela- 
ſtick, at the ordinary Pitch of Speaking ſeem to 
give very high Words; and a Perſon who ſhould 
attempt to blow a Hunting- horn in ſuch a Situation, 
would go near to ſtun his Hearers as well as himſelf. 


\ Txr1s can only proceed from the Parts of the 
elaſtick Fluid adjacent to the ſounding Body, being 
put into Motion thereby, which thereupon immedi- 
ately communicate Motion to tlioſe which lye next, 
theſe to the next, and ſo forward, but more and more 
faintly, till bythe Diſtance from the Centerof Sound, 
or the Inactivity of the Matter, in its Progreſs, to be 
moved, the Reſiſtance will at length be equal to the 
Impulſe, and the Motion therefore be no farther 
propagated. Much as a Stone, thrown into Water, 
will immediately raiſe a wavy. kind of Motion 
therein, ſhewn by the concentrick Circles, con- 
tinually floting off, but growing leſs and leſs wm 
SY 8 | pi- 
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ſpicuous, till they impinge or ſtrike againſt the 
k if near, or finally diſappear of themſelyes, if 
the Surface, ſo put in Motion, be over large. It 
muſt only be obſerved, that the Tremors of the 
daſtick Particles beforeſaid, will be 'propagated 
from the ſounding Body in all Dire&ions as from 
the Center, to all Parts of the ſurrounding Sphere, 


For this Reaſon, the Organs of Hearing, that 
are equally ſenſible and good, are equally affected 
by the ſame Sound, coming to them from equal Di- 
ſtances; and at different Diſtances they are by it 
differently affected, and receive it, in a different 
Manner. For Inſtance, a Perſon, at the Diſtante 
of two Miles, may hear St. Paul's Clock ſtrike, 
without any great Emotion: But at the Diſtance 
of ten Yards, it would give him ſome Surpriſe. 
The Colliſion of the Bell with the circumjacent 
Air will be there very violent; but farther off 
the Motion will become moderate and more 
languid. And the Blow given on the Tympanum 
of the Ear thereby will affect and move the ſmall 
Bones beneath it; the Impulſe whereof paſſing 
along the Meanders of the Cochlea, the Au- 
ditory Nerve will be more or leſs ſhaken there- 
by, and the Senſation of Sound, to the Perception 
given, in Proportion to the Degree of the Impul- 
ion made, upon which the Variety of Sounds 
wholly depends. 


TAE moſt elaſtick Bodies are the moſt ſono- 
cus ; therefore Bell- metal, Glaſs and the like are 
remarkably ſo: But nothing more than a well 
ſtretch'd String. This being ftruck will ſound a 
conſiderable Time, vibrating this Way and thar, 

crofling 
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croſling the Line at each Vibration, as a double 
Pendulum would do. Its Movements, in this Caſe, 
are deſcribed, Plate 9. Fig. 13. wherein AB is the 
Direction of the String, before it is ſtruck, and 
ADB and AC B, the Figure it will form af- 
ter. Theſe Vibrations are greateſt, juſt after the 
Stroke. The greateſt Range is made by the middle 
of the String, and from the Counter- action of the 
two fix d Points 4 and B, and the Reſiſtance of 
the Air, it ſtrikes againſt, at each Vibration, the 
String at length ceaſes to move or ſound. | 


: \Farn ER Merſennius ſays, he found by cer- 


taia Experiments, that a String, extended till it 
was of a Concert Pitch with the Note Cfaut, 
the Middle of the Baſe Cliff, made no leſs than 
104 Vibrations in a Second of Time, which con- 
Equnently gave as many Impulſions to the ambient 
Air. But were ſo ſwiftly performed even there, 
toward the Bottom of the Gamut, where the 
Vibrations are infinitely flower than they are a- 
bove, that the Ear is not ſufficiently perfe& to 
diſtinguiſh the Intervals thereof; juſb as in whirl 
ing a live Coal round pretty faſt, tho we know it 
changes its Place ſucceſſively, and every Moment, 
it yet appears to the Eye, to deſoribe one continued 
Cirele of Fire; and we are therefore apt to judge 
that to be a Continuity of, Sound, which in Effect 
is the Conſequence of ſeveral diſtin& Strokes or 
repeated Impuſes of the ſonorous Body. And Sir 
aas Newton, ſhews in the Corollary: of his 48th 

poſition, that the Number of Pulſes propaga- 


ted, is always the ſame with the Number of = 
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Vibrations of the tremulous Body, and that the 
ire not by any Means multiplied in their Progr 
from it. This alſo plainly appears, by the imme- 
diate ceaſing of the Sound, with the ſtopping the 
Tremor of the ſounding Body, which in Bells, that. 
ae ſtruck, is ſufficiently plain to the Touch, and, 
in Strings of a grave Tone, it is alſo evident. to the 
Eye. 


': Þ 
TIE 


Tur Difference of the Velocity of the V ibri- 
tions of Strings, ſounding a higher and a lower 
Note, may be in Part collected, from the ver y great 
Smartneſs, wherewith the ſhorter Strings 'of. a 
Spinet, will throw off a Fragment of - Paper 
hang thereon ; whereas on the longer it will ca- 


fily Tae at an equal Diſtance from the Jack, | 


when the String i is made to ſound. 


TRE Manner inwehich: a Stroke acts upon a Bel, 
is ſomething different from one on a String. The 
Vibrations of this are made directly acroſs the Line 
of its Tenſion, the only fixed Point of the other 
is that of its Suſpenſion at the Crown, or in the 
ſtrongeſt Part of the Bell. The firſt is a ſingle 
ſtreignt Chord, the other is compoſed of an infi- 
nite Number of Rings, greater or leſs in Diameter, 
according to their Diſtances from the fixed Point. 
As the longeſt String, when ſtretehed, vibrates 
loweſt, ſo do the Rings of greateſt Circumference 
in this Machine : Hence we find a Bell differs in 
Tone, according to the Part tis ſtruck. in. To- 
ward the Top, the Sound will be more ſharp; to- 
ward the Baſe more gra ve, according to the diffe- 
rent 
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rent Dimenſions' of the circular Chord, ſuppoſed 
to be truck pos 


| A Stroke, given a Bell, throws that Machine 
into an eliptical Form: If it be ſtruck without, 
the Front and Rear are thruſt thereby nearer to- 
gether, the Sides fly out, and the Endeavour of the 
elaſtick Matter to reſtore itſelf to its circular Figure, 
vibrating to and again, becoming eliptical, firſt one 
Way and then another, is what gives and continues 
the Sound: If the Blow come from within, the 
contrary will happen. This will be evident, from 
ſtriking a glaſs Bell, faſt ſuſpended in a Frame, 


by the Crown, having a Screw in one of its Pil- 


rs, which may be either eaſily advanced toward 
the Machine, or withdrawn from it, at Pleaſure, 
The Jarring of the Machine againſt the Screw, 
when gently ſtruck in Front or Rear, will ſhew 
that the Diameter is increaſed at right Angles 
to the Blow; And its not jarring when ſtruck, 
in like manner toward, or in the Direction of 
the Screw, will demonſtrate, that the fore and 
back-ſide do then fly out, on the firſt Impulſe 
given. = 


Tu Difference of Muſical Tones (which are 
only ſeyen diſtin, or the Notes of the Gamut; 
and the whole Compaſs of Notes above or below 


theſe, are no more than a Repetition of the ſame 
Notes, either in a higher or a lower Key) depends 


on the different Number of Vibrations, commu- 
nicated to the Air, in a given Time, by the Tre- 


mors of the ſounding Body; and the quicker the 


Suc- 
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Sacceſſion of Vibrations is, the acater is the Tone; 
and the _ 1 | 


oy 
TRII cs are various Ways Ai making String 

expreſs the Notes in Muſick. The ſonple Wor 
of doing this, is to extend. them with Weights z 
And! if they be of one Length and Thienel 
keeping rhe” Series of the {qi . 1 vi. 
I, 4% 16, 25, 36 and. ag If you; 
would ave the Weiß ht or he Exten ens fd og 


portions” in a | judicious Rane 
Convenience, as is 5575 in the ka, belt 
and Inſttonegts of tllat Kind; the Strin ings whereof. 
ate extended above, and one End of thei fixed over 
a Cavity intended + el y their Sound. This i 
always covered by the Belly, a dry claſtick Piece 
of porous v white Fir, left thicker beneath the Treble 
Strings, and thinner under the Baſe, that it m 
be by their Vibrations more or leſs ſhaken, in order,” 


N 


by its Coanter-vibration, $9 moderate, the, Notes 
to mix and meliorate t 50 ERS: nd. 40. to EXT 
whar-is calle the fine” Thi Fa Irllryment, 


A. muſical cg e Birks all, its." bat 
whether long or Thott, 15 e fame Space of Wa 
For {4 Steige be ſtiẽ chi betwee BO k. 1 and 07 
2. Forct᷑ be applied "rot middle Þ t, to draw. 
it out of its rectilineal Situation, if bs Piftance be 
but ſmall, 'twill be in Proportion to the Force ap- 


U plied ; 
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plied; and conſequently the Velocity * 
it returns, when left to itſelf, will be as the Space 
it has to move over; and 'twill therefore per- 
form all its Vibrations from firſt to laſt, in the ſame 
Time. For which Reaſon, the ſame Chord hows 
ever ſtruck, produces the ſame Note. It is alſo 
found by Experience, that when Strings of equal 
Diameters, but of different Lengths, are equally 
ſtretched, the longer the oY are, ſo much the leis 
Weight | will rk them frbm their rectilineal Situ- 
ation, to the fame Diſtance; the Forces therefore 
by Which they return are lets, the Times of their 
beg. longer, and their Tones e 
more grave. | 5 
Wu N two Chords 18 their Vibrations 
in equal Times, the Tone produced is termed a 
Uniſon. If one performs one Vibration, while the 


other is making. two, tis called an Octave. If 


one makes three, while the other two; tis called 
a Fifth. If one three, while the other four; 3./tis 


calcd a Fot 1th. If there be an Interval of 2, 


or if the ibrations are as 1 to 33 tis called 2 
55 Ge. nan . 


A * 5 make 1 Chien Sa, it is not neceſſary 
that. the'Vibrath ns of the two Strings ſhould, actu- 
ally concur; but 'only that they ſhould be per- 
formed in ral Haw to,that they would always 
oc if th 
as" it has en Ret d, the Ear perceiyes not the 
oe & Vi rations' Andy, Wal only diſcovers 
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that Difference, which proceeds from the Inter- 
yals of Time, which between them. 


FROM theſe Principles, we endeayour with a 
late ingenious Author, to account for the trem- 
bling excited in all the Unzſon Strings, of any Set 
of Inſtruments in Tune, when any one of them 
is made to ſpeak. For the Vibrations of the 
Air, which correſpond to the Tremors of the 
firſt, agreeing exactly in point of Time, with 
thoſe which are capable of being given to the o- 
thers, when they have, by their firſt Impulſe, com- 
municated a ſmall Degree of Motion to them, 
will by conſpiring therewith, as it moves back- 
wards and forwards, continually increaſe its Mo- 
tion, till it becomes ſenſible. And the contrary 
happens when Strings are in Diſcord with each 
other; for in this Caſe, ſhould one poſſibly give 
Motion to the other, yet their Vibrations not 
being performed in equal Times, the ſecond will 
come unſeaſonably, and when the other is moving 
the contrary Way, will obſtruQ its Motion. | 


Ir. is farther obſervable, that all the Ocrave 
Strings of a Harpſicord in order, will tremble more 
or leſs when any one of them founds, If one of 
them vibrates twice, while the other once, every 
ſecond Vibration of the former, will found a Uni- 
ſon with every one of the latter. So if one vi- 
brates thrice, while the other once, the Intervals 
of the laſt will be divided into three Parts, each 
of which will found a Uniſon with it, while the two 
Points, between thole Parts, will remain at Reft. 
Or otherwiſe they would interfere, hinder each o- 


U 2 others 
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thers Vibration, and not receive from ae Mo- 
tion ſufficient, to produce either a Tremor or « 
Sound. 


TH « T Strings thus: circumſtanced, do actually 
vibrate; and therefore give a Sound in ſome De- 
gree, will- be ſafficieiitly plain, from obſcrvipg the 
Motion of a ſmall Piece of Paper or Down, 'put on 
all the Uniſon or Octave Strings, of all Inſtru- 
ments, in Tune. And the Thirds and Fiſths be- 
ing more nearly allyed to, theſe, in Point -of 
Tone than any other, ſomething of an inferior 
Motion may be obſerved in them, when any 


Octave ſounds: Theſe three Notes are therefore 


called, TWP Concord. | 


No w, as a Uniſon String in Vacuo, cannot 
this Way, have Motion communicated to it, it 
thence appears, that 'tis the Colliſion of the ſound- 
ing String, with the Parts of the Medium, put 
thereby in Motion, which excites a certain Degree 
of Motion in all thoſe Bodies, that within the 
Reach of the Sound happen to be in the ſame 
Diſpoſition, with regard to Tenfity and Tone, to 
receive that kind of Impulſe or Impreſſion from it. 
For Inſtance ; one kind of Tone ſhall make the 
Pewter jar, a ſecond Note will cauſe the China and 
the Glaſſes to ſing, -a third ſhall put your, Seat in, 
Motion, a fourth ſhall {et yout Tecth on e and 
the like. 


1 E Nc E too it is, that 1 Perſptts are able 
to break a ne by the Tone of their, 
Voice 
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Voice only, brought to a Uniſon with it. The 
Sound of the Glaſs, being ſtruck, always gives its 
natural Note, which being increated by Degrees, 
froin a ſmaller to a larger Degree of Vibration, 
the Tremor at length becomes too great to be 
ſupported, by fo brittle a Subſtance. 


FROM this Principle, we may probably de- 
duce, the Cauſe of the cuſtomary Practice of Yawn- 
ing appearing often to be ſympathetick. It muſt be 
allowed, that every Part of the Animal Syſtem is 
made up of Fibres, or little Strings : Of theſe the 
Muſcles of the Fleſh are compoſed, ſo are the 
Bones, Tendons and Nerves, all in a various De- 
gree of Tenſion, according to their Texture, Of- 
Pee and Uſe. Theſe are therefore ready to re- 
cCoive Impreſſions from the moving of their Uniſon 

Strings, and to repeat the Notes they ſhall 
n | | 


TH xt Hand then that leads this Concert, ei- 
ther having his Spirits waſted by a. long Watch- 
ing, or from ſome great Application, has his Neryes 
and Syſtem of Fibres all relaxed; theſe therefore 
want bracing ,up, and being all elaſtic Chords, by 
ſtretching, they recur and contract after Extention, 
with greater Force and Vigour. Nature by this 
Means is a while refreſhed, and when ſhe flags 
is again ſtimulated, to a Repetition of the fame Ex- 
periment. Now ſuch of the Aſſiſtant Performers, 
as happen to be in the ſame Circumſtances, and 
have their Fibres lowered down to the ſame Pitch, 
immediately take it, like a Set of uniſon Strings, 
R 93 and 
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and it often ſpreads like a Contagion, and goes 
round the Company. : | 


Ax p doubtleſs it is from much the ſame Cauſe, 
that good Muſick has ſo great a Command over 
the Paſhons of Men. The fibrous Syſtem is always 
tenſer in Age, and more pliant in Youth'; ſome of 
thoſe Fibres will correſpond with, and be affected 
by Muſick of one Sort, ſome by another. The 
Yourg herefore uſually delighted with Airs, 
which are ga ding and lively; the Middle- 
aged are mote pleaſed with martial Muſick and the 
Din of War; and the Ancient generally prefer the 
Solemnity of Church- muſick to any other. Thus 
does our Taſte of Things, often vary with our 
Years, nor is our Opinion always within our Pow- 
er. It will be prudent therefore, never, at leaſt, 
not too poſitively, to condemn, what, from the 
Changes of our natural Conſtitution and Frame, 
we may be in Danger one Day of falling into our- 
ſelves; nor on the other Hand too eagerly to cen- 
fare the Levity, and little Extravagance of Taſte 
in others, the Senſe whereof we have either now 
out- lived, or what from a different Organization 


of Body, we poſſibly could not fall into. 


WHERE a Multitude, or the moſt of our 
Fibres are agreeably moved, by the excellent Per- 
* formance of a fine muſical Compoſition, we are 
apt to be tranſported. When mournful Sounds 
* invade our Ears, we are moved to Pity ; ſprightly 
Airs inſpire Love; martial Fury is to be raiſed by 
fitting Sounds, and proper Meaſures ; and thus may 
the generality of Human Paſſions, be influenced by 

Muſick 
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Muſick, as Mr. Dryden, and Mr. Pope have finely 
deicribed, in their ſeveral Odes, upon St. Cecrlia's 
Day. 5 J os 


WHEREVER we meet with a ColleQion of 
harſh, diſcording, unharmonious Sounds, we are 
moſt ſenſibly tortured, from the befare-mentioned 
Cauſe ; the Mind ſeems to be thereby unhinged, 
and great Violence is done to the whole Conſti- 
tution, This made Lord Verulam, who was a 
very good Judge of human Nature, think, that 
an Anti-muſick might be contrived, of ſome Uſe 
in War, whereby Groans, Screams, and hideous 
Clamours might be conveyed to the Ears of the 
Enemy, and Horror and dreadful Apprehenſions 
to their Minds. But whether this might not 
have equally a bad Effect on thoſe who uſed it, is 
a Queſtion ; and perhaps one Reaſon why this 
Thought has been purſued no farther. 


Ir muſt however, be confeſs'd, that the Shouts 
which our Countrymen frequently make, when 
they undertake any very hazardous Attempt in War, 
has its Uſe, perhaps in chearing themſelves, at the 
ſame Time that it ſpreads Diſmay among the Ene- 
my ;- eſpecially ſince they act together, and in 
Concert, execute the Commands, they have 're- 
ceived, while the adverſe Party, being unappre- 
henſive of what is meant or intended, are divided, 
unprepared, and therefore leſs reſolute, in their 
Defence, than the other, in making the Attack. 


TME Effect Muſick has on Perſons bit by the 
Tarantula, if true, is alſo a conſiderable Proof of 
U 4 the 
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the Power of Muſick, in putting the Fibres of the 
Body in Motion. The Tarantula is a large Spider, 
ſaid to be obnoxious only to the People of Apu- 
lia, a Part of Calabria, in the Southermoſt Part 
of Italy. The Patient, after the Accident, loſes 
both Senſe and Motion, and dies if deſtirute of 
Help. The moſt effectual Remedy is | Muſick. 
The Muſiciah tries Variety of Airs, till he hits 
upon one that affects the Patient, who upon that 
begins to move by Degrees, and keeps Time with 
his Fingers, Arms and Legy, afterwards with his 
whole Boa. He then raiſes himſelf up, begins 


to dance, increaſing in Activity every Moment, 


till after five or ſix Hours ſmart Exerciſe, in this 
Way, being much fatigued, he is put to Bed, 
to recover Strength. The next Day the tame 
Air brings him out 'of Bed, for a new Dance, 
and no other Perſuaſion will make him fiir, 
This Exerciſe being thus continued, the Diſtemper 
is abated in the Space of four or five Days, 
the Effects of the Poiſon being then in ſome 
Meaſure, carried off by Sweat, and the Patient 


begins to recoyer his Strength and Senſes by De- 
grees. 


T have ſeen a Perſon that was born deaf, and 
probably ſo will always continue, when he held 
the End of a Violin between his Teeth, on which 
another played, rejoice very much, as being made 


that Way ſenſible of the Muſick. This could 


only be communicated to his Perception, by the 
Vibration of the ſolid Parts, the Bones of his 
Head, communicated thither by thoſe of the In- 
ſtrument. | 
AND 
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Anp this Experiment any one may make, by 
topping his Ears with his Fingers 1o cloſe, that 
he cannot hear an Inſtrument that fhall be played 
on; let him then lean his Head, either againſt 
the Inſtrument, or a long Stick, that touches that 
Inſtrument, and he will diſtinctly perceive every 
Note that is played. r 9413 1 


Tu Is is one Way the Mariners take, to diſ- 
cover whereabout the Leak in a Ship is, when not 
eaſily found, viz. They take a Staff and holding 
one End of it tight to their Ear, they apply the 
other ſucceſſively to the ſeveral Parts of the Sides 
of the Ship, till they diſtinctly hear, where it is the 
Water ruſhes in, tho' the Noiſe be much too incon- 
ſiderable to be found by the Ear alone. And 
'twould be very difficult to remove the Ballaſt 
and Stowage of this bulky Machine to attempt it 
any other way. 


Ir is a common Experiment, for two Perſons, 
placed at each End of an extended Cable, or a Stick 
of Timber, of any Length, one, to hear a Scratch 
made by a Pencil, or a ſmall Fillip with the Finger, 
from the Elaſticity and Continnity of the Parts of 
thoſe Bodies made by the other. The Centinels of the 
Advanced Guard, are ordered to lye on their Bellies, 
with their Ear to the Ground, that the earlieſt No- 
tice of a Motion of the Enemy, to prevent a Sur- 
prize, this Way may be had, from the Sound 
communicated by the Earth. And jealous Princes 
have ſometimes had Pipes laid from the Council to 
the Cabinet, whereby they have become — 

0 
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of the Conference, conveyed to them by the e- 
laſtick Fluid, encloſed therein. Fax A 


As in ſtring Muſick, the Air is the Conveyance 
only -of the Sound given, from the Vibrations 
raiſed, by a Blow or other Force: So in Wind- 
muſick, the ſame thing is done; but the Vibrations 
of the ſounding Pipe are produced, by the Influx of 
Air condenſed. The Organ in particular is fur- 
niſhed with a very long Trough, Air-tight, with 
which the Pipes of the whole Inſtrument commu- 
cate, and into which all the Bellows are made to 
blow, .in order to furniſh a conſtant Supply of 
Wind. The Keys, by lifting little Springs from 
time to time, let a Part of the Air out of this 
common Magazine, which then ruſhes into the 
peculiar Pipe, the nether End whereof is formed 
like the Mouth-piece of, a Flute, in which, 
meeting with a ſharp Edge, exactly oppoſite to 
the Channel of Induction, the Stream of Air is 
thereby divided into two Parts; one whereof paſſes 
without the Pipe and runs waſte ; the other puſh- 
es into it, with a Force ſufficient to put the Parts 
of the elaſtick Matter, of which it is compoſed, 
into ſuch a Tremor, as is proper to ſound the in- 
tended Note, to which the Dimenſions of the 
Pipe are alſo adapted. The Metal Pipes are cy- 
Lndrical ; the Wooden ones, uſually ſquare. 


Ir may be obſerved of the Flute, Hautboy and 
ſuch Inſtruments, whereon the Notes of Muſick 
are ſtruck, by the help of Ventages or Holes, 
made in the Trunk of the Tube, that they are 


not bored cylindrically but conically, in _ 
| t 
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both to keep the Tube of a due and manageable 
Length, and to faye a large Expence cf Breath. 


| Was the Tube of the ſame Bigneſs thro- 
out, the Quantity of condenſed Air, neceſſary to 
ſound the higheſt Note diſtinctly, would neceſſa- 
rily be attenuated in its Paſſage down ſuch a Tube, 
gradually mingling with Air of the common Den- 
fity found therein. This would require, let us 
ſuppoſe, the Aperture fit to ſound the 2d Note to 
be an Inch below the 1ſt. The ſame Cauſe increa- 
ſing, let us put the third Note at the Diſtance of 
two Inches, the fourth at 3, the fifth at 4, the 
ſixth at 5, the ſeventh at 6, the Octave at 7. 
The Sum total of all theſe, with the Intervals, 
fit to be left between the Extremities of the Flute 
and the Holes, might make the Tube of an in- 
convenient Length, and bring theVentagesnot with- 
in the Reach of an ordinary Set of Fingers : Beſides 
which, it would require an uncommon Stream of 
Breath to fill the Tube, which, by being bored 
taper,. is rather condenſed in its Paſſage, by the 
gradual Contraction of the Channel: To which 
Artifice, the Workmen generally add another, 
which is, to make the Hojes of a greater or leſs 
Diameter, according as the Note requires the 
Sound to be more or leſs ſharp. 


Ap here we may not improperly mention 
the Organs of Speech, the Voice being modulated 
or governed by the Contraction, Extention and Ma- 
nagement of the Muſcles of the Larinx, which takes 
in the five uppermoſt of thoſe ſemi-circular cartila- 
ginous Rings, which conſtitute the Wind-pipe. The 

| Muſcles. 
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Muſcles that move the Tongue, alſo cost 
very much to the Production, Formation and 
Articulation of the Voice; ſo does the apt Diſ- 
pofition, and Organization 'of the other Parts of 
the Mouth, the Patate, Lips and Teeth. Ajuft 
Arrangement of theſe greatly contributes to the 
Propriety and Harmony of Speech: And when 
thoſe Parts are happily formed for the Purpoſe of 
Fnging, the judicious Performer is now à Days 
found to be in Poſſeſſion of a very lucrative, as 
well as entertaining Qualification, 


Ir is alſo eme Difference of the Organization 
in the Throat and Mouth of other Animals, that 
to expteſs the ſame Paſſion of, the Mind, one 
s, another hiſſes, and another roars ; In the 
lame Manner, that equal Blaſts, from the ſime 
Pair of Lungs ſhall produce one Tone on the 
Trumpet, another on the French-horn, a third on 
the Baſſoon, and the like. 


n k is NJ N 8 82 D 88 s 82 28 


o. the ereAEINo- TRUMPET, and: 
AURICULAR-TUBE. 


2.5 EH E Speaking-trympet was invented 
by Sir Samuel. Morlaud, for the Be- 
I ucht of hearing People at a Diſtance, 
' T 1 7 as at Sea, in a Siege, Sc. It is 2 
y conical Tube, made of thin Braſs, 
Tin, or other elaſtick Matter, from two to fix 


Foot long. ME 
HE 
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TH x. Reaſon why the Voice is. magnified. by, 
this Machine is, becauſe by the Vibrations of the 
tremulous Body, the Air is put into Motion, and 
theſe being propagated thro the Tube are con- 
tinually reyerberated from the Sides of the Tube 
into its Axis, ** by that Means prevented from 

reading, till the et OUT; Ol it,, the gradual U | 
25215 el the Gayity of the Tube, puts. the 
Parts of the Metal proportionably into Motion, 
nd what Tremors might be confined within the 
Compaſs of an Inch Diameter at firſt, will be af= 
terwards diffuſed ſo as to ſpread to a Circle, 
perhaps of 12 or 15 Inches in Diameter, before 
it quits the Inſtrument, which then generally be- 
comes the Center of Sound. It muſt however be, 
obſerved, that the more ſonorous and audible the 
Voice is made by this Means, the. leſs. articulate, 
or diſtinct it is: Juſt as Light, tg which Sound, 
bears in many Things a pretty near Reſemblance, 
the more it is diffuſed, the leſs will it diſtingyiſhy 
the Objects whereon it falls; and the more it is 
condenſed, the brighter and more. diſtin& will the 


** 


Objects it enlightens always appęar. 


. 
15 


Fox this Reaſon too the Auricular Tube, the 
Figure of which is repreſented, Fig. 14. Plate. 9. 
alſiſts ſuch as are bard of Hearing, which is occa- 
fioned” generally by the Humours becoming in- 
ſpiſſated by Cold, and the Obſtructions conſe- 
quent thereon. 


"Txr1s Machine ſeems to be juſt the Reverſe 


of the Stentorophonick Tube, or the Speak- 
ing- 
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ing-trumpet Jul mentioned; and as the Uſe of 
that is to diſſipate, this is intended to collect the 
Sound. Now the Structure of this Machine, the 
Pipe of which is uſually made in Form of the Pa- 
rabolick Curve, finiſhed with a ſmall Turn, the 
better to apply it to the Ear, does in ſome Mea- 
ſure reſemble the auditory Dua, or the inner 
Ear itſelf, which is alſo ſomething conical, having 
the Baſe outward and the Apex next the Head, 
that a larger Quantity of the moyed Air may be 
collected, and received thereby, in Order to be 
tranſmitted to the Point of the auditory Nerye, 


neceſſary to be ſhaken thereby. This Contrivance 


then is no more in Effect, than the Baſe of the 
Ear enlarged, and is therefore capable of inter- 


cepting more Vibrations from the Air, than the 
Ear itſelf, in Proportion to its Baſe; theſe gra- 


dually contracted into the ſmaller End, are 
thereby thrown upon the 7 1 0 and inner 
Ear, according to the Force an 

Impreſſions received. 
Tux ſmoothneſs of theſe Machines, is no ſmall 
Advantage to the Conveyance of Sounds thro' 
them ; for by Experiment we know, that theſe 


glide with moſt , Eaſe, and move fartheſt over 
1mooth Surfaces, whereon there is nothing to ob- 


ſtru& and divert their Progreſs, or occaſion a Re- 


3 On 


Quantity of the 
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On Ne of Mane 


PRPCISS 1 might. ſeem incredible, that the 
255 


E— Voice of a Man might be diſtinctly 
1 2 15 heard at the Diſtance of ten or twelve - 
A — 15 Miles: But a Gentleman of great 
W Veracity, who lived ſome Years at 
Gibraltar, affirms, that he has at Old-Gibraltar, 
heard the Watch-word of the N icht, vg. All's 
well, given by the Centinels to thè Patrole, as 

they paſſed all along the Ramparts of New C. 
. in a ſtill ſerene Night, when the Water 

as perfectly ſmooth, as-plainly and diſtinctly, as 

res Officers, who walked the Round, or hünſel 
(had he been upon the Rampart,) could haye done. 
The. Bay he judges to be about three Spaniſh 
Leagues over, between the two Places. This is 
a ſufficient Proof of the Service it is to Places of 
Hearing, that the Surfaces of Things ſhould be 
in them as ſmooth as poſlible. Carpets and the 
like, are great Impediments to Hearing, re 


Bi R this Reaſon the Surfaces of Whiſpering- 
places are commonly very ſmooth. They are be- 
ſides this, commonly built in a circular, or at leaft 
in a curvilineal Form, capable of catching and tranſ- 
mitting all the Reflexions of Sound, that come 
within the Compaſs thereof. That of the moſt 
Note in London, is in the grand Gallery of St. 


Paul's 


9 
* 
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Paul's Cupola. Juſt above the Gallery, is a ſtrong 
{mooth Bank wall painted, being the Baſis of the 
Dome. It is circular, but being the Zone of an 
Elipfe, it is not quite ſo wide at Top as at Bot- 
tom. Let a Perſon here ſpeak with his Cheek 
to the Wall, in whiſper, he will be audibly heard 
quite crols the Gallery; the Reaſon of which, 
corps next under dme, 


4; xr ABC, Ke. Fig. 1 5. Plate. 9. repreſent; 
the Line or Part of the Blank-wall,, againſt which, 
the Speaker whiſpers. The Air, put into Motion 

him, according to the Angle in which he di- 
ah his Voice — the Wall, impinging firſt at 
A will, be thence reflected to B, thence to C, to D, 
to: E, and ſo on to I and = where the Reflexi- 
os; brought by the collateral and contiguous Lines, 
will alſo nearly meet, and by their Union, there: 
cauſe a much ſtronger Sound; than in any other 
Part of the Segment whatſeever; even greater 
than, at A, the Point from whence the Sound o- 

inally came. It will be beſt heard, if there be 

Pier, or ſomewhat, projecting, to ſtopſand reflect 
— But if; there be no ſuch thing, it will 
procecd quite round the Dome, and become again 
audible — the Speaker bimſelfatc:43 But it muſt be 


weaker thanat G, on Account of the more frequent 
rs made, in paſſing over twice the Space. 
He oR A 8 an Eax, placed at Weid 
tex or, Top ot a Dome, or indeed any other vault- 
ed or arched Place, would hear any other Sound 
much magnified, on Account of the many Re-- 
We made from Side to Side of the Hemiſphere. 


But 


— K 
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But it will on this Account, be alſo confuſed and 
very, indiſtin& ; and hence proceeds the Bomb, that 


generally at tends Voices uttered and N oiſes 
made, in cavernous and vaulted Places, | 


In Auditories, ſuch as niels Theatres, 
Courts of Judicature, Sc. where the Hearin EX 
ſtinctly and well, may be of Uſe, the Form o 
Building ſhould be a little conſidered. We — 
that if a lighted Candle be placed in one of the 
 Foci, or the Centers, whence an Ellipſe is de- 
ſcribed, as at A, Eg. 16. Plate 9. the Rays 
of Light, ſuppoſing the Hoop to be made of 
bright Tin, or other poliſhed Matter, will be ge- 
nerally reflected into the other of them, as to 
B, which will then be the Point moſt enlightened. 
And as there is. a great, Similarity between the 
Progreſſion of Light, and that of Sounds, it 
woul thence follow, that whatever Sounds, co- 

g from one of theſe Points, ſhould . be caught 
by. ths Walls of an Edifice of this Figure, would: 
be reflected thence, with great Advantage, toward 
and into the other, followin the Direction of the 
Lines AC, CB; AD, DB; AE, EB; AF; 
FB; and vice "werſl. If one of theſe central 
Points be appointed for the Evidence, and the 
Criminal, the Judge and Jury might be very 


well pofted in the other; as the moſt commodi- 


ous Point for Hearing, that can be contrived. 
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Wor HE Ancients, being wholly unac- 
quainted with the Cauſe of the Echo, 
L ff aicribed it to ſeveral Cauſes, ſufficient- 
＋7 ly whimſical. The Poets, who were 
not the worſt of their Philoſophers, 
imagined it to be a Perſon metamorphoſed, of that 
Name, and that the affe@ted to take up her Abode 
in particular Places; for, they found by Experi- 
ence, that ſhe was not to be met with in all. 


W x are well fatisfied, that the Echo is pro- 
duced by. the Reverberation, or Reflexion of Sound, 
from fixed Objects to the Ear, placed in a proper 
Situation, to receive the Impreſſions returned, by 
the Recoil of the Air thither. It is for this 
Cauſe, the Sound is always, weaker in the Return, 
than in its direct e 
TER E, are ſeveral Places fit for the Echo; 
Experience points them out to us. For Inſtance: 
F is an old zuilding, having a Blank-Wall. C 1s 
the Stand of the Speaker, abort two hundred Paces 
diſtant. The Ground from C to F, lyes on a 
Declivity. Here placing yourſelf directly fronting 
the Wall, and pronouficing ahy Number of Let- 
ters, currently and clearly, the laſt _—_ of 
þ them 
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them will be perhaps diſtinctly repeated, and with 
juft the ſame Interyals. If you pronounce the 
ſame at D, you hear perhaps, only the three or 
four laſt; and if at E you perceive no Repetition 
at all. The Reaſon is becauſe at E tlie Stroke 
ariſing from the Vibration of the Air is reflected to 
the Ear, the very Moment it is made; whereas 
at the proper Diſtance, the Sound feverberated 
from F, at fit Intervals returns firſt one Sy llable, 
and then another, till Eight, and often more (ac- 
cording to the Situation of the Place) are diſtinctly 
and ſucceſſively heard. 3 


TH E Diſtance of the Object, returning the 
Echo, may be pretty well known, by the Num- 
ber of Syllables which it repeats. No one Sylla- 
ble or ſingle Note, will be returned clearly, under 
the Diſtance of 24 Paces or 120 Feet, and fo on 
in a direct Proportion: The Echo then returning 
8 Syllahles, muſt come from an Object, d iſtant at 
leaſt 192 of the former, and 960 of the latter. 


Dr. Plot, in his natural Hiſtory of Oxford- 
ſhire, informs us of an Echo in Woodſtock-Park, 
which in the Day, When little Wind was ſtirring, 
returned in his Time, ſeventeen diſtinct Sy llables, 
and in the Night, twenty. The probable Reaſon, 
why. it repeated more Syllables by Night, than it 
did by Day, is, becauſe the Air being then colder, 
was conſequently denſer, whence the -Return of 
the Vibrations became ſlower, which gave Time 
for the audible Repetition of more Sy llables. 


X 2 Tarn 
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Tu Cauſe, why ſome Echo's return more and 

ſome fewer Syllables, lyes without all Doubt, in 
the different Diſtances of the Objects, returning 
the Voice to the Ear. In a Wood of lofty Trees, 
the barking of a ſingle Dog, ſhall be ſo toon and 
ſo often repeated, that it ſhall reſemble the Open- 
ing of a whole Pack; and for a like Reaſon the 
ack. pendent from the Roofing of the Go- 
#hick Choirs, as at King s-College Chappel, in Cam- 
bridge, and other Places, procures à conſiderable 
Lengthening of the Sounds, from the frequent 
Repetition of them, by the Means beforeſaid, and 
this is eſteemed an Advantage to the Muſick. 
Theſe are called Tautological Echo's: Some of which 
will return a Clap with the Hands, or a Stamp with 
the Foot, eight, nine, or ten times; the Noiſe, dy- 
ing as it were away, and melting by Degrees, be- 
comes conſtantly weaker and weaker. There are 
alſo, as the Lord Verulam obſer ves, Echo's upon 
Echo's, which he calls Back-Echo's, theſe may 
promote the harmonious dying away of the Notes, 
in the forementioned - Places, but are otherwiſe 
inconſiderable. 


I x may. be obſerved, that all Echo's, have 
ſome one Place, whither they may be returned, ſo 
as to be heard by a Man's ſelf, more ſtrongly, and 
diſtinaly, than any. other, and that is always 
the Place, lying at Right-angles with the re- 
turning Object: For if a Man ſtand obliquely to 
it, the Voice is better returned, and more diſtinctly 
heard by ſome other Perſon, at another Place. Be- 
eauſe the Angle of Incidence is always equal to 

-_ ne 
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the Angle of Reflexion; and therefore the Note 
or Sound that is thrown directly on any Object, 
will be returned nearly in the fame Line; whereas 
-that which is thrown thereon obliquely, will be 
thence refſected in the ſame Manner, and will reach 
another Place with greater Advantage. For In- 
ſtance: Let the Speaker at C, directly front the 
Building at J, Fig. 17. Pl. q . He will plainly hear 
his own Words, by reflex Rnd Let him remove 
to G, the Echo will be moſt audible at H; and if 
the Voice be uttered at I, tlie Reflexion will beſt 
be made at K. 


Tu Is being all material, that occurs at pre- 
Ent on the Subject of the Air and its Dependen- 
ces ; let us cloſe this Treatiſe vith Pe Ac- 
count of the Tides. 


On the TIDEsS. 


2 9 HE Tides cou d no way be accounted 
«1 95 for, till Sir Iſaac Newton found out 

85 & the Principle and Properties of univer- 
fal Gravitation; that is, the Force 
whereby, not only erer Particle of 
= in each Planet, tends to the Center of 
that Planet:; but alſo that, whereby the Planets 
reciprocally tend to one another, and the whole 


Chorus of them generally to the Sun; as being 
X 3 by 
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by far the greiteſt Body. As alſo that the 
Force of the Attrrftion is exerted by thoſe 
Bodies, at different Diſtances, is as' the Squares of 
thoſe Diſtances ; from which Principles, the ge- 
neral Cauſe of the Tides may be ſufficiently ex- 
plained. | 


Turk Moon fevolves, as it were, round the 
Earth, in 27 Days, 7 Hours, and 43 Minutes, at 
the Diſtance of 240,000 Miles from its Center. 
having but about a fortieth Part of the Matter, con- 
tained in the Earth. The Earth, at the Diſtance of 
about 81 Millions of Miles, revolves round the 
Sun in 365 Days, 5 Hours, and about 49 Minutes. 
His Quantity of Matter is 227,500 times that of 
EST. =. f 5 


TAE Earth then attracts the Moon, in a ſu- 
perior Degree, and confines it from flying off in 
a Tangent-Line to its Orbit, which would proba- 
bly happen, were it not for this Attraction. The 
Moon, in its turn, reattracts the Earth in a cer- 
tain Degree. The ſolid Parts whereof being rigid, 
ſeem not to be affected by it; but the Fluids 
yielding thereto riſe, {well and thereby ſeem to own 
its Power. The Sun in like manner, attracts the 
Earth, *{6 as to preſerve it in its annual Orbit; 
and alſo in ſome ſort affects her Fluids; but, by 
Reaſon of his very great Diſtance, in a Degree ſeem- 
ingly much kf than the Attraction of the Moon. 


I being demonſtrable then, that the Earth is 
within the Sphere of the Attraction of both Sun 
and Moon, it follows, that the Equality * _ 
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Preſſure of the Gravity of Matter, or its gene- 
rally tending toward the Center of the Earth will 
be thereby occaſionally diſturbed. Was the EKarth 
intirely "Ah from ſuch Actions of the Sun and 
Moon, the Ocean, being equally attracted on all 
Sides, by the Force of Gravity, would continue 
in a perfect Stagnation, without either Ebbing or 
Flowing: But ſince the Caſe is otherwife, it 
needs muſt riſe higher in thoſe Places, wherever 
the Actions of the Sun and Moon diminiſh its Gra- 
Vity. N 


Tu E Action of theſe upon the ſolid Maſs of 
the whole Earth is the ſame, as if all its Matter 
were accumulated and contracted into its Center. 
For the Parts about E, are juſt ſo much more at- 
tracted by the Moon at L, Fig. 18. Plate 9. by 
how much the Parts about N, are attracted leis 
than is the Center 7, and vice verſd. And ſince 
one compenſates for the other, it follows, that the 
whole Body of the Earth, at Z ON, is equally 
attracted by the Moon at Z., as if all its Parts 
were reduced into and fixed in the Center T. We 
may therefore ſpeak of the ſolid Parts of the Earth, 
excluſive of the Water, ſurrounding it, as of that 
Point. 


TH1s premiſed, let us next conſider the 
Globe of the Earth, as covered with a deep Sea: 
It will then follow, that by the yielding hereof, 
the Farth will put on the Figure of a Spheriod, 
whoſe longeſt Diameter, if produced, would pals 
thro' the Moon. That is, wherever the Moon is 
vertical, ſhe will not only raiſe Tides immedi- 

R 4 ate 
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ately under her, in the Zenith at E; but alſo, at 
the ſame time, in the Nadir, or the oppoſite Point 
of the Earth, at N. She raiſes the Water in the 
former, becauſe the Fluid there is near. 4000 Miles 
nearer to her attractive Power, than is the Center 
of the Earth at 7, it therefore gravitates leſs, and 
becomes lighter, than that in the Parts about H 
and O, lying in the ſame Line with 7, and, in 
order to preſerve the general Equilibrium, preſſes 
of courſe toward Z, and cauſes an Accumulation, 
or Swell of the Fluid there. 


Tus then is the Cauſe of the Tides in the 
Zenith. But to account ſor thoſe in the Nadir, 
we muſt obſerve, that as the Water in , is at- 
tracted more by the Moon at L, than is the Earth 
at T. So is the Earth at 7, more attracted thereby, 
than can the Water ar N, lying near 4000 Miles 
ſtill farther diſtant from her attractive Power. 
The Water therefore at N, tending leſs toward 
the Moon at L, than the Earth at 7, will be leſs 
attracted, by the Difference of Gravitation to- 
ward the Moon ſeverally in T and N, which, as 
has been ſaid, is according to the Squares of their 
reſpective Diſtances. | 


Txr1s rightly underſtood, it plainly follows, 
that the Ocean muſt, on theſe Occaſions, neceſſarily 
put on a ſpheroidic Figure, whoſe longeſt Diame- 
ter is, where the Moon is vertical; and ſhorteſt, 
where ſhe appears in the Horizon, And that the 
Moon, apparently ſhifting her Poſition, as ſhe 
ſeems to turn round the Earth once a Day, bom 

Ea 
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Eaſt to Weſt, (effected however by the Rotation of 
the Earth, from Weſt to Eaſt, upon her own Axis) 
occaſions thereby the Floods and Ebbs, obſervable 
every 25 Hours, which happen to make the juſt 
Length of a Lunar Day. 3-5 


IT may not be amiſs, to endeayour to explain 
this Difference of the Moon's Attraction between 
the Parts in the Zenith, Center, and Nadir of the 
Earth, by a familiar Example. Let us ſuppoſe, 
a four-oar'd Boat a-head, a Wherry with a pair 
of Oars in the middle, and a third Veſſel with a 
pair of Sculls behind, all floting at equal Di- 
ſtances from each other, down the Stream, with- 
out Rowing: Being all impelled with the fame 
Force, or carried by the ſame Stream, they will all 
moye equally and keep, in general, the ſame Di- 
ſtances they had, when firſt they ſet forward. In 
this Circumſtance they will repreſent the three fore- 
mentioned Parts of the Earth, moving regularly in 
the Expanſe, and proceeding in its Orbit round the 
Sun, Let then the Rowers, according to their ſeveral 
Power and Force begin at once to work, the four- 
oar'd Boat will ſoon gainGround upon the other two, 
and the two oar'd Boat will leave the Sculls behind, 
in Proportion to the ſeveral Forces wherewith they 
ſhall be wrought. 'The advancing of the foremoſt 
Boat, will eaſily denote the ready Riſing of 
the Water, toward the Moon, when in the. Me- 
ridian: The coming forward of the central Parts 
of the Earth will be ſignified by the getting on 
of the middle Boat ; and the Swelling of the Was 
ter in the oppoſite Point, will be repreſented by 
the lying behind of the Sculler. 4 

YR 


\ 
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On again ; ſuppoſe a String faſtned to a con- 
cave Sphere, tay of Wire, which has a Bullet in it 
looſe, as ſoon as the Sphere ſhall be whirl'd about, 
at the End of the String, the Bullet will recede 
from it as far as may be ; it will be found always 
diametrically oppoſite to the String, and by endea- 
vouring to fly off, will, by its centrifugal Force, 
draw the Sphere, not being pericaty rigid, into the 
Form of a Spheroid, 


Onc# more; pes 1 the String, faſtened to 
the Bullet within' the Sphere, now 'at Li- 
berty, and being together -whirl'd about as before, 
the Bullet will remain in the Place, where it is 
confined by the String; but the Sphere, not being 
perfectly rigid, will be amn out as before, into a 
Spheroid. 


To apply this; ; imagine a en Ocean, which | 
we beforc ſuppoſed to cover the Earth to be ana- 
logous to the Sphere; the Earth to the Bullet, 
and the Gravity between the Moon, Earth and 
Water, to the String, whereby they are retained 
in their Orbit, and the Gravity of the Earth and 
Water, to the Rigidity of the Sphere. Suppote 
then the Water to gravitate towards the Moon, 
and, the Earth not ; of conſequence the whole 
Maſs of Waters will get into the Zenith, and the 
Earth will ſeem rather to endeavour to recede from 
the Water. But the-natural Attraction between 
the Water and Earth, anſwering to the Rigidity 


of the Sphere, will not ſuffer it wholly to fly off, 
whence 


4 
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whence the Earth will remain in the Point, the 
moſt diſtant from the Moon, that is, in the Nadir; . 
and this is reſembled by the String 8 being faſtened 
to.the bene, | 


| A GA IN, 1 7 the Earth to gra vitate to the 
Moon, and the Waters not, the Earth will then 
be in the Zenith, the Waters will take Poſt 
in the Nadir; and theſe would again quit the 
Earth, but for the Attraction between the Earth 
and Waters, and this is correſpondent to the 
whirling Bullet, being faſtened to the String, lea- 
'Ving, the Sphere at Liberty. 


| LASTLY, ſuppoſe both the Earth and Wa- 
ter, to gravitate towards the Moon, as they really 
do, 'twill follow, that the Parts of the Water 
nearer the Moon than the Earth, will be more at- 
tracted thereby, and riſe into the Zenith; whereas 
thoſe Parts of Water which are farther off the 
Moon, than the Earth will be attracted leſs 
and ſo flow into the Nadir. By which Means 
Tides will be raiſed both in the Zenith and the 
Nadir, at the fame Time; and this may ſuffice 
as to the general Cauſe of the Tides. Let us next 
conſider their Phœnomena in particular Places, 

1. TRE Tides flow according to the Lunar 
and not the Solar Day, tho' the Action of the 
Sun on whole Body of the Earth, is to that 
of the Moon, as 300 to 16g ; the Quantity of 
his Matter, more than compenſating for the 
Greaneſs of his Diſtance. In conſidering this Mat- 


ter, however we are to diſtinguiſh between the 
abſo- 
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abſolute and relative Attraction of theſe two Lu- 
minaries. Abſolute Attraction is that, which acts 
upon all Parts of the Body, with a Force nearly 
equal; but Relative Attraction is that, whieh acts 
upon ſome Parts of a Body more intenſely than 
en others. Hence twill appear, that the Tides 
muſt be the Conſequence of relative or partial At- 
traction; and the relative Attraction of the Moon, 
being greater than that of the Sun in particular Pla- 
ces thence it is, that the Tides will generally follow 
the Moon, and not the Sun, as by Experience we ſee 
they do. Now the relative Attraction of the Moon 
exceeds that of the Sun, becauſe a Semidiameter of 
the Earth bears a yery ſenſible Proportion to the 
Diſtance of the Moon, it being about one ſixtieth 
Part thereof; but a much leſs to that of the Sun, 
of which it is ſcarce the-20250th Part. 69 — 


2. TAE Tides happening about 50 Minutes 
later each Day, is the Conſequence of their follow- 
ing the Lunar Day. Thus, if tis High-water to 
Day at 12 O'Clock, it will be High-water to 
Morrow at 12 h. 50 m. that is, 24 hours 50 min. 
after 12 to Day. The Lunar Day is ſo much 
longer than the Solar; becauſe while the Earth 
turns from Weſt to Eaſt, to and from tlie Sun, in 
24 Hours, at the ſame time getting forward, at a 
certain Rate in her own Orbit, the Moon alſo pro- 
ceeds from Weſt to Eaſt, one twenty-ſeventh Part 
of her Orbit, in ſome Meaſure Keeping Pace, tho' 
not an equal Pace with the Earth. 


3. Trex Tides being greateſt, cæteris aribur, 
when theſe Luminaries are in Perigæo, or at the 
leaſt 
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leaſt Diſtances from. the Earth, is confonant to the 
Laws of Gravitation, which as has been ſaid, are 
more leſs powerfully exerted, according to the 
e of the Diſtances of the Bodies under Con- 
ſideration. rs ES 2 os 8 


4. Tx Tides are, c#teris paribus, greateſt 
when the Sun and Moon are either in Conjunction 
at the New- Moon, or in Oppofition at the Full. 
In the firſt Caſe, the Moon is one Semidiameter 
of her Orbit nearer the Sun than is the Earth; in 
the ſecond, ſhe is a Semidiameter of her Orbit 
more diſtant than the Earth from the Sun. In 
either of theſe Caſes, the Actions of both Lumi- 
naries will concur to raiſe the Tides. In Con- 
junction they both conſpire to ele vate the Waters 
in the Zenith, and by conſequence, at the ſame 
time in the Nadir. In Oppoſition, while one 
makes High-water in the Zenith and Nadir, the 
other endeavours to do the ſame in the Nadir and 
Zenith; and this is the natural Cauſe of the Spring- 
Tides. In the Quadrature or Quarters, the Actions 
of the Sun and Moon interfere, and in part obſtruct 
each other; the Water raiſed by the Sun is depreſſed 
by the Moon, and the contrary: Hence it is, that 
the Tides are leſs at thoſe Times, and are diſtin- 
guiſhed by the Denomination of Neæap- tides. 


5. In Places not under the Equator, the Tides 
are not equal, but are alternately greater or leſs. 
The Reaton of which, will be better underſtood 
by attending to Fig. 19. Plate 9. Let APEP, 
be the Body of the Earth, coyered with deep Wa- 

bs ter, 


8 4 - wes. $45 10 ns 
ter, C the Center; PP the Poles; EA the E- 


Podes of F, or the Point opal oppolite, 
conſidering the daily Rotation of the Earth is up- 
on the Axis PP. By which means too the Point 
F, will in 12 Hours Time be transferred to f, and 
the Point D to 4; now whereas the Lines Bf, 
Bd are evidently ſhorter than the Lines B, 
BD (that is, the Water is lower in thoſe Places) 
it follows, that the Points F and d, muſt in the 
Space of 12 Hours, pats thro' low and high Wa- 


ter alternately, 'whilſt the equatorial Parts, A and 


. [ 


E, paſs thro' Tides equally elevated, ſince CA 
and CE, always continue equal. „ 


6. TRE Tides ceteris paribus, are obſeryed 


to be greater when the Luminaries are in, or near 


the Equator, than when at their greateſt Declina- 
tion from it. This atiſes from the two oppoſite 
Protuberances, which at that Time are in the 
Equator, and which of conſequence, deſcribe there 
the greateſt Circle of the Earth, whence by the di- 
urnal Rotation, they will move ſwifter, deſcribing 
the greateſt Circle of the Earth, in the ſame Time 
that they uſed to deſcribe the leſſer ones, parallel 
to it; and conſequently, being thrown upon the 


Shores, 


f 
0 
| 
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Shores, with * Foree,, ahey riſe wo 
there. | | 


7. ＋ HE Tit fine of 8 happens not 
peel at the Time of the Moon's Appulſe to 
Meridian; 1 5 about three Hours afterwards, 
” when ſhe is. South-weſt. This is, becauſe the 
Moon acts with {ome Force, after ſhe is paſt the 
Meridian, thereby adding to that Libration, 
which ſhe had put the Waters into, during her 
coming to, and whilſt ſne was in the Meridian; 
juſt as a ſmaller Force, apply'd to a riſing Ball, 
will raiſe it Rtill conſiderably higher. 


8. Tr E Tides are obſerved to ſucceed each 
other, quicker in the Tranſits or Paſſing of the 
Luminaries from their Conjunction and Oppoſition, 
commonly called their Syzygies to their Qua- 
dratures, than from the 3 to the Sy- 
2ygies. In the latter Caſe, the Tides grow con- 
tinually larger, and the larger they are, the longer 
they are in riſing and falling, as the longer a Pen- 
dulum is, the longer Time it is in making its Vi- 
brations; and of conſequence they ought to ſuc- 
ceed quicker in the Tranſit from the Syzygies to 
the Quadratuzes ; becauſe, by a Parity of OK: 
they: then grow leſs and leis. 


Oe. "Tas Tides often fall out greater in February, 
and. OZober,, than at other Times. The Reaſon 
of this, not happening preciſely at the two Equi- 
noxes, as they ought to do, but ſomething before 
the Vernal, and. after the Antumnal Equinox i 1 
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becauſe the Sun is neareſt the Earth in the Win- 
ter Months (for the Earth's Motion is then fwift- 
eſt, as appears by the Winter being always Eight 
Days ſhorter than the Summer) conſequently the 
Sun comes then to have a ſtill greater Influence in 
producing the Tides : -But it does not happen 
every Year ſo, becauſc ſome Variations may ariſe 
from the Declination or Situation of the Moon's 
Orbit at that Time, and the Diſtance of the Sy- 
zygics from the Equinox. 2 


10. Tye Morning and Evening Tides are re- 
marked to be often different in Height. This is 
owing to the Moon's being nearer, or more di- 
ſtant from the Zenith or the Nadir. While the 
Sun is in the Northern Signs, the greater of the 
two diurnal Tides, in our Climates, is that ariſing 
from the Moon's being above the Horizon; when 
the Sun is in the Southern Signs, the greater is 
that ariſing from the Moon's being below the Ho- 
rizon, that is, according as their Influences act to- 

gether, or oppoſe each other. „ 
' $Sucn vould the Tides regularly be, if the 
whole Earth were covered with Water, very 
deep; but by Reaſon of the Shoalneſs of ſome 
Places, and theNarrowneſs of the Streights in others, 
thro' which the Tides are to paſs, there ariſes great 
Diverſity in the Effects which are not to be accounted 
for, without a perfect Knowledge of all the Circum- 
ſtances of the Situation of the Land, the Breadth 
and Depth of the Channels, Sc. For a flow and 
almoſt imperceptible Motion of the whole _— 

0 
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of Water, where, for Example, it is two Miles 
deep, might ſuffice to raiſe its Surface ro or 12 
Feet in à Tide's time, very well; whereas, was 


the ſame Quantity of Water to be convey d thro! | 


a Channel, but 40 Fathom deep, it would run 
like a) \$lice to effect it, as it does in the narrow 
Parts of the Britiſb Channel, on Occaſions. This 
alſo may be one Reaſon, why High- Water i in many 
Places happens not nearer the Time of the a0 8 
—__ in the Meridian. | 


To. anfiver all the nine of the Flux. and 
Reflux of the Water, in particular . Places, would 
be endleſs; all things duly conſidered, they are ful» 
ly foluble by the Doctrines and Theory. here laid 
down. As the moſt notable Inſtance of this kind, 
let us take Notice of the Tide that comes into the 
Port of Tunguin! in China. Here it ebbs and flows, 
but once in 24 Hours, and twice in every Month, 
that is, when the Moon is near the E quinoctial, 
there is no Tide at all, but the Water is entirely 

nt: With the Moon s Declination however, 
there begins a Tide, which is always greateſt when 
ſhe is in the Tropical Signs; with this Difference 
only, that when ſhe is Northward of the Equator, 
it lows when ſhe is above the Horizon, and ebbs 
when ſhe is below it, ſo as to make High-water 
at Moon-ſetting, and low-water at Moon-riſing: 
Whereas on the contrary, the Moon's being to the 
Southward of- the Line, makes it High-water at 
her Riſing, and low Water at her Setting ; and it 
ebbs all the Time ſhe is aboye the Horizon, 


VC b Taz 
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1,y 4 ll „ l 1 
e Caufe of dads; A Appearance, is pro- 
ft by Sir Iſaas Newton, in the Philoſophical 
an @ttzons,” as ariſing: from, the . of 
two - ; the one propagated. in ſix Hours, out 
of the: great South-Sea, along the Coaſt: of-Ghius, 
the other out of thei nau : dna, from between 
the Iſlands, in twelve Hours, along the Coaſt of 
Malacca and Camboya; : One of — Tides being 
produced in North Latitude is, as has been. 55 
reater when the Moon, being to the North of the 
uator is above the Earth, and leſs when ſhe is 
beneath: i it. The other of them, promoted from 
the Iudiam Ocean, being raiſed in South Latitude, 
is greater, when the Moon, declining to the South, 
is above the Earth, and Il when he is under it, 
So that of theſe Tides, alternately greater and leſs, 
there come always ſacceſſiyely two of the greater, 
and two of the leſs every Day; and the high Wa- 
ter falls always between the Arrival of the two 
greater Floods, and the low Water, between the 
Arrival of the two leſſer. The Moon coming to 
the Equinottial, makes the alternate Floods equal, 
the Tides then ceaſe, and the Water ſeems to ſtag- 
— But he deing paſſed the Equator, thoſe 
Floods; which in the former Order, were the leaſt, 
now become the greateſt, the Times of high and 
low Warer are then 4nyetted ;- and the whole 
Appearance of theſe ſtrange Tides is naturally 
and with wu to be N _ the-Thaary new 
laid . 122 74.7; 1 | 


THE uw 417 tinned with Land ſuch 


as the M editerranicas, Red-Sea, and Batiick, 
have 
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haye no apparent Tides; becauſe the Streights 
whereby they communicate with the Ocean, are 
Inlets o finall, and the Seas themſel ves fo large 
Bodies of Water, that Water ſufficient cannot, in 
the Compaſs of a few Hours, be received into, or 


ſent out of them, to cauſe their Waters to riſe or 1 
ſink conſiderably. -- 


b A 
q 
—___ — — 
ay —U—U —— ———— 
— * . — — — ” of ” —_ 7 _— 
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>» ian dea, is no more than a very large 
Lake ke no/Cometnntearion with the 2 
at all. This, as well as all other Lakes, is too 
ſmall to be affected by the Attraction of the Moon, 
even where ſhe is vertical: For ſhe needs muſt at- ii 
tract all Parts of theſe Waters alike, rendering 11 
them in every Place equally light; ſo that no Part 1 
of them can be raiſed ſenſibly higher than another. | 
Or, in other Words, they are generally fo ſmall, | 
as not to be capable of any relative Attraction 1 
from the Moon. 8 | 
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GLOSSARY, 
Short EXPLANAT ION 
of ſuch uncommon Words, as could not 


without Aﬀectation, be omitted in this 
Treatile. | I Mn 


A 


WIE Bdomen, the lower Belly. 
SH) Abſorb,” to drink in; to ſwallow. 
Aa, (our ; Matter fermenting with an Alkali. 
Accelerated, haſtened, or hurried forward. 
aachen, the ſticking of Parts together. 
li,, an imaginary Fluid, fine and ſubtle. 
Aliments, Food to nouriſh. | 
Alkali, fixed Salt of Subſtances, fermenting with Acids. 
Alternate, firſt this, then that; by turns. 
Ambient, ſurrounding. 
Analogy, Proportion, Compariſon. 
Aorta, the great Artery leading from the Heart. 
Ader, the Point or Summit of a Cone or Pyramid. 
Apparatus, Inſtruments for Operation or Experiment. 
ds, Supplement; ſomething added. 
Appulſe, the Arrival of a Planet at a certain Point. 
Aſtmilate, to make Jike. 


Atmeſphens, 
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Heme the Fluid Maſs of Air & 5 r a | 
ofpbere, abeut go Miter high » Se. ſurrounding the r to 
2 RW or — A thi weaker. 
action, a draw towards; p uci T der 
Aura, a finer kind of Air. * wn: ea 
Auricular, belonging to, or AN by the Raz. 
Axis, an Axle, on which _ thing turns. 


aan 
Bronc bia, the Branchings of yu Wind-pip continued thronghout 
the Lungs, _ 
© 


,. ſmall as an Hair. | 
Cateris Paribas. in other Circumſtance the ſame. . _ | 
Centrifugal, a Direction given a Body —— from that incl 
to the Centre. 120 
Centripetal, tendin toward the Centre. 
Chimera, a groundleſis Fancy. 
Circulate, to come round. DE 
Coaleſce, to grow together, or unite. 5 
Col eſion, a clinging, or ſticking together. 
Collateral, lyin Ge by fide 
Collifion, a ſtriking or — againſt. 
Compares, a Collection. 
Compreſs, to ſqueeze together cloſe. 
Concave, ſpherically hollow. 
Condenſe, to bring the Parts of Matter cloſer together. 
Cone, a round Pyramid, or Spire. pf 
Connate, produced with, or at the ſame Time. 
Connect, to knit together, or join. 
Conſiſtem, fixed, i. e. not fluid. 
Conta#;' a touching each other. 
Contiguous, Parts which touch. 
Contorted, twiſted round. © 
\Convex, protuberant ; ; ſwelling ſ, herically cutwainds 
Convulfion, an involuntary —_ of the Muſcles ; 2 Twitching, 
Corroborate, to ſtrengthen, or con am. 
Corrugation, 2 ContraQtion by wrin up 
Cylinder, a ſolid Body, in Form like a olling-one 


Cylinaric, reſe bling this in Figure. 
„ 

Denßiy, Compactueſi Cloſenel of Parts 

W N tranſpar ent. 


} 


Diaphragm, 


A'GLOSSARY. 


Didtbragm zm, the Miäriff, dividing "the 175 of the Bady inte tie 

Cavities, the T borax. and my lomen.: _. iro windy 
Diaftole, the Dilatation of the He e eee 
Digeſtion, the 9 of the l to Fluid. © gig, 


de 


4 2 * gel 5 * 8 
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Ebullition, a Bubling, like boiling ' Wome. 
7775 the flow ing forth of a Fluid: 


e, having a Spring. Nai au , Toy lone t ” 

rvsſcence, a waxing hot. G | 

Elaſticity, endowed with the Property of a Soria” 

El , an oval Line or Surface. 

Elliptical, oval or like an 10855 

— Ducts, very ſmall Canals for paring the abina Jan. 
nſe, Space extended. NC e 

— mote breathibdg enk. 12 n A WN. 

Extravaſated, being out of the Proper Velen. he” 


= ) 21 51. #: & in 1 Wan 7 
=> F 2069 oy 1 . a 
Fibre, a ſmall ſtring, Fibril, oe ſnalr ill. „„ 
Filament, a ſmall Thread. ys eee. 
Faccid, limp, looſe or flabby. 5 : ey | 
Fluid, eaſily flowing or mc 77731535 
Nux, the Act of flowing. V 
Foſſils, things ſolid, dug out of the e **ààFP 
Fuicrum, a Prop or Point of Support. e ot 
Fuliginous, ſooty or ang Cod * 8 
Frigorific, chill or cauſing Co Ew Eno bots © ty 
ag th 115 . | | 755 hs A 


Gland, a Bundle of connected Fibres to 6 Klein the Fluids, way 12 


rate finer Parts. - $a 
Gravity, Weight ; the Tendency one Body has to 7 another, | | 
Groove, a ſmal Il Channel cur. „ g e . t 
Wien | Ine Nn 

cg whirling round. i 20 T0419. Vent lovri os ,v ' 


1 3180 JS... ol e. PPE, * 
kneten e mages 
Hemiſpbere, half a Globe | 
Hermetically ſeal'd, Tube being cloſed with melee Gl ca et.? 
Hexangular, ſix augled or ſi fel. 
Horizon, the Limit of the Sight at Sea or on a Plane. 
* ſuppoſitious. 

* 


droftaticks, Doctrine and Lasset $27 tler Ads, ate . k 
 Hyaraxlick, for the Purpoſe of raiſing _ Eli „ Wazef Oe 
+ Ipinge, 


1 6 1 D780 Rr 


1 2401 Sn x N 7 
14 __ Dvd: = A n „ver 
Jonition, a taking Fire. tt 8 00, FEY 12 ads vοe & nul 
1 Cs 3 None ae LE 


Impinge, to ſtri or 2 
Incompreſſible,. 9 de EA fo 80 Aa ik Bal” 


EEEY 


Incidence, a or lighting o 

Incumbent, — Indy ing. . 0 . 05 0 " 
Indefinite, undetermined, Iſfievicea."*" + Lent ge >. 
Ingenite, inborn, or produced with. r 
Inſertion, a grafting in or joinin 

Inſpiration, the drawing in the Beach. 

Inſpiſſate, to thicken or reiilet diſcid-. 1:21:92 503 ot 
Interſtice, Interval, or intermediate Space. 
Inverſe, when the Antecedents are turned into cu 


- cr | NOD 13-59W 10 nin? 01 .vhg% 

1127'S HUT * unc £ ant + 

Lacteali, ſmall Dudts ü in + Animals, conveying; 2 \wiky kind of Liews 
Lateral, ſide- ways. 120 {66366 i ru. * 
Libration, a ballancing Motion. Fe 20 dasde 8 
Lobe, the RC N Lungs and Liver. 02] herb 
18 to 293-;2A © 17% 61 2.) 2 OT 7 

* 77 458 en 81 a 0 

Aeatus auditorius, the Paſſage into the E 99 Baie © rat 


Microſcope, Glaſſes for exploring minute Bodies. 
Miniature, contracted, drawn in little. 
Monſoon, a Change, or Vatietiob in nen *. the e 
winds, ſettled between the Tropic. 
Morbid, ſickly, diſeaſed. 2. 1 Tr 101 , = 20 2320 3 
Mucus, llimy Matter. 4 4: 10 22 od ed 


N 10 al 
90 
«+ 


Nadir, the Point juſt beneath us, on the o oppo to 1 oft Globe. 3 
As a Bundle of Fibres, ariſing from ain, "whither it con 
veys 7 on from ney ate of th Body, ant we 
aA . 


1 ; 


— back to particular Parts. 
Nutrition, the Nouriſhment of an Animal... , ON ING 
0 4 * 5.8 Þ 
Origin, Source, Riſe or Begin ning. by | 
Go = Ze 1 1 Q P { 11 IX. 4 q 
1.5599 7 7t (12 "a3 31261 | 0:5 Sat £2 7. 47 THAT A 


Percolated, ſtrain'd thro' an 1 

Percuſſion, ſtriking, or the Fs ofa: 
ute, to bore thro, or pierce. 

Y 4 Keri - 


A GLOSSARY, 
— the Heart-hag 


Phenomenon, an A arance in Nature. 

Piſton, a moveable Plug juſt fitting a Pipe, 4 10 
Pleura, the Membrane Ning the Chef r ens 
Pneumaticks, the Doctrine and Laws of the ſubtiler Fluid, the Air. 
Pores, ſmall — in the Scarf-skip foi the Sweat, Ie. wn 


£3 i Se 
*- 0 
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„unn 118 * 
Quddratures, the quartering Points of an Oord. 
o on nin? bat 


Rariſy, to thin, or weaken denſe Matt 
Re ſtexion, a bending back, or —.— a thin 
Reflux, the Return, or flowing back s a Flui 
Reciprocal, mutual, or relative. 
Refract, to bend or break. * ri able & ba: 
Relaxed, leſs extended, looſened .d GENIE 01.4 
Reſervoir, a Ciftern or Head for a Reſerve of Water. 
Reverberate, to beat back or refleci. 
Rotation, a turning about. 
oy 1 ' * 
Sanguification, the making Blood by Digeſtion Ec, ! 14 b 
Secern, Secrete, to ſeparate. . 
Senſorium, the Seat of Perception in the Brain. 
Seroſity, Serum, the wheyiſh Part of the Blood. 
— Sort — Kind. 
eai ck, peculiar, or appropriate. 
Sel, 5 Spikes. A8 D 5 
tral, like a Rope coil d round. V 
Fe, Thicke, Vilcdity. - 3 
ernum, the Breaſt- bone. 
Stimulate, to provoke or incite. 
Subterraneous, within the Earth. 5 
Sufion, the Faculty of — 2 : 
— a bent Tube or Crane. 
Syſtem, Compoſition, general Structure. 
ole, the Contraction of the Heart. 
y2ygies, the Oppoſition and > eco Og of a Planet, with reſpe& to 
the Sun and Earth. 
Zungen, a ſtreight Line, drawn from * Gliounſoiencs of a Cir- 
cle, touching it but in one _ * 


* 
of 


KISS * S 
— Gs: © Skin and Far 
© Tenacity, the clinging of the Parts of Fluids together. 
Tendon, the Extremity of a Muſcle. - 
Thorax, the Chef: or Breaſt, © 
22145 a 7 — of a Planet over in Courſe | 
imaginary pact Lines to the Equatar, at the Diſtance 
777440 81 4 it, being the Limits of the Declination of the 
ly Bodies, nd hor the North or South. 
Tube, a Pipe. 
Tympanum, the Drum of the Ear. 
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A.GLOSSARY,, _ 
„ * F .* 1 As , 5 v 
9 . a 2 5 24 * » 0 ; % 
1 34 4 , „ 8 * i 
- 1 1 
os bi * 4 


Vague, uncertain, wandering, 3 

Valves, membranous Subſtances e SEE to prevent 
the Return of the Fluids. 10 

Papid, dead, taſteleſs. 

Vena cava, the 1 Brie Vein, conveying the Blood back to the Heart. 

Veniricle, a —— Ka her s 

Fertebre, t ain 0 Bones, 24 in Num — th. 
Back, from the Head. - l 

Vertex, che Top of any Thing. 

Nbrate, to ſwing as a Pendulum. 


Nſcid, 405 clammy, coheſive, as Bird · lime. 
2 ubject to cvaporate or ay away. 


2 
Zenith the Point how us in * Heavens, or vith reſpe& to the 
. a Sphere, on the Surface. | 


2 


Pointing out, in what Page of this Teile 
* 3 Particulars _ be rao 


741 . #4 ts L 044 4 dn | oe 
Cceleration of fallin ies, Go 2 FO 
"of 2 fling Bo eee Gon —.— 5 of 155 
perpendicular Pipe - — — — | 

Keita ferment with Alkahey — — : —2 
the manner in which . — affect 8 2 
Action of Gravity on falling Bod ies — 2 + L, 
Adjutages, Marriote's Proportion of the Size £ of their Bores - ——=109 
the Manner of boring them — — 110 
Etna, the Cauſe of its Conflagration, 1 4A other er Volcano — N 
Air, what — ; 
ibid. 


its Properties, Mobility, Weight, yo 


— gruaritates even in Ai Bum 
its Gravity diſcovered by Galileo — 139 
the Quantity of its Preſſure — E by Toricellins 


149 
reſiſts Bodies moving therein - — 99,106,107,138 
its Elaſticity demonſtrated 194—202 
its Elaſticity in Proportion to its Denſity 196 

its Elaſticity demonſtrated to de cqual to its Preſſure 
197—199 
—— is compreſſed neiythe Surface ol tlie Earth 149,196,197 
is condenſed by Winds 235 
ics Particles bear againſt each other - 195 
fits Preſſure on Fluids demonſtrated by their Riſe—— 49 
its Preſſure and Elaſticity equa] — 198 


2 the common Degree of Denſity, will dilate in Air at- 
tenuated, and by its 175 play a et of Water — 48,197 
= 0 condenſed, will have the fame r in Air of ; 


the common Denſity — - — 97 


« 1 , Fd 
I NID ETX 


S eber will dilare very much = — 5 bf 


———= 6bjcttions to its ; Preffare anſwered— 
D determinate Quantity ot it ved - — 116 


—ͤ— its Preſſure would be inſufferable by us, "where ir it not on 8 
88 counterbalanced by Air within the By. 


is proportionable Gravity to that of 1 175 
— its alternate Cöntraction nad! Expanſion, under , 5 
1 circumſtances = be — 19 
gas no Tenacity — 123 
1 bave its Parks brought to Contact, by any 
Force whatever 195 
— in fuftain Quantities of Fluids in certain Caſes 757 
contains a Quantity of Water — — 215 
. be a © ed by Water —— EL... 
is attenuat e Air-pump, rod gold Hs 4 
TH oY thereby extiauſted F - — — — 146 
—is generated in plenty by Nite? — 253 
— Gun- powder fire — 
| its Eri Þ in the Cavity | of "the Breaſt, "by, ſome 
I. doubted” of — — 191 
— its Circulation thro Rooms, chen, warm, how promoted 
222 
within Doors of the ſame Weigbt and Denſiey with that 
without — 217 
its Salubrity and Unwholſonmeſs whence - 244 


——i included in Eggs for Production of the — 
i contained in. Fruits io bring them to Maturity 204 
eien in Liquors that have undergone any Degree of - 25 
Fermentation! bid. 
I chauſted fron. them, render them taſteleſs and 8 #. 
— — Water cold, but has the Spring 
thereof greatly heightened by Neate 
is no Me — or the Conveyance of Heat or Coſd, ibid. 
$24—— the whele-Maſs of it — the Earth, and revolves g 
ſteadily with it — — 137 
. Pump its Structure add Uſe 143.147 
by whom attempted firſt—and reduced o Paal 143 


ir-veſſel, i 10 Fiſhz rhe Uſe tis of to then 199 
in Hydravlick Engines, -its Ve E. Deſcription —64—67 

Alkalice: Bodies ferment: with Acids —ʃ 243 
the manner in which they 6500 the Taſte — 242 

Altitude may be meaſured, by the Time a heavy me Sa 
1, ſcending | i {a | 92 


Animals require Supplics cs.of treſb Air, for their Exiſtence 
- the Effect the Armoſphere's An has on them 

3.041 .. .. nate 5 — 170,171 
41 5 | Auimal 


163 
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* 


Apople xy fatal, whence —— — — 1 
Aarigugler, its Structure and Uſe, in the quiet decanting of Li- 
Mt nc what „ 21 
Avrchimede's Method of finding the Specifick Gravity of Metals 123 


I 


Ariſtotle's miſtaken Notion of the Gravity of the Elements III 
Arterics in general, their Ule — - 185 
Artificial Congelation — — bs 277 
Artificial Lightning — 3 
Atmoſphere, what — 13 


——  {urrounds and attends the Globe of the Earth= —13 
——— the Weight or Pre ſſure of it in foul and fair Weather 140 
| the Effects of its Preſſure and Abatement, on Animal 
and other Bodies — —170—174 
tis Extent or Altitude, not certainly to be diſcovered 1 49 
Attraction and Repulſion of Parts one probable Cauſe of Fer- 
| mentation 


| 1 . 
— abſolute, what f 1 
— relative what. — — Wia. 
Aura, Ether, or ſubtle, fiuer kind of Air — 263 
Auricular- tube deſcribed, with its Uſe — — — 301 
Aurora-borealis, probably what —. — 254 
B 


B Alance hydroftatical, the Principles of it demonſtrated 121—125 
— its Appointments and Uſe 125 
Barometer, its Conſtruction and Uſe  ——1,1—143.147—155 
invented by whom | ——— | 140 
— — Marine deſcribed, with its Uſe — 213 
——  —Pcndent deſcribed,” with its Excellency and Uſe 153 
Portable its Structure and Uſe — — 151 
Bell, how acted on by a Stroke —— — 257 
Why it differs in Tone, being ftrack i 1 different 

_ Places —  w_-—_ / 288 

— in Vacuo has no Sound _ — 283 

Belly of a Harpſicord, its Advantage arid Uſe — | 289 
Blood, its circulation deſcribed··— — 163,188) 
— the regen of Colour, between the venal and ar- 
Bodies, the Eft:& the Atmoſphere has on them ——— 110-174 
—— chymical, their change of Weight, whence '-—- 261 
— their Specifick Gravity conſide red —111—118 
—— ſolid, how to diſcover their Specifick-Gravities 128— 31 
fluid, how to hnd their Specifick Gravities 126—128 
are only relatively light or heavy — 11.12 
bos to find their relative Weight to Water— - — 130 
| ir 


— —ů— — w 


ME. 
m—n— thcir 8pccifick Gravities thence found 4, 
— nec. in a Tide, compar d wich them Ta: for Bulk 


115 
—— lighter than an Water, how their Specifick wir Giuely may be 
. found — I 
2 will diſſolve i in Water, to find thei their Specifick bald 


of — Forms, beſt meaſured by Immerſion in Water 


ES heavier than Fluids, may be may be made to ſwim 9 
. .-.... therein --- — 20 


— lighter than Fluids, may be kept at any Depth in them 
a. 


— equal Specifick Weight with a Fluid, | keep ary Place 

: aſſigned therein! — 14 
porous atrac, and imbibe Fluids — 32 
— are by Gravity accelerated in their Fal! ⁵ — 89.95 
in Vaccuo generally fall with the ſame Velocity —— 104 
— the Time of their Deſcent judged of, by the 
5 186. ͤ — — —— — 
impelled by tuo diftinet Forces, not directly oppoſite, : 

move in the Diagonal of a Ferelelogram, 3 
Of Lines, in Proportion to bot . 

— iminiſh in ene to the Cubes of their D Diameters 
—262 
— . ſound in Proportion to the ir r Elafticity | — 285 
Boiſterous Winds their Cauſe —b ä — 233 
Bortli, his Explication of muſcular Motion — 179 
Bores of Adj utages, . Marriote's Pro ortions — 108, 109 
0 Dipes of Conduct for Sopph of Water —— ibid and 85 

Brook, yielding a large Quantity of Water in Summer and little 
in Winter 44 
Breezes from the Sea and Land accounted for l 269 
Bull's Eye, a 8 Cloud, whence — uu 0 
Bullet diſcharged by the Wind. gun — 195 
Burning Mountains whence —— | _ 


L 


C 2 | 
Ce —_— Tubes, attract and raiſe Fluide — 31 
— ant, their n 2841. ſt a Vacuum confi el wo. 


— Notion of a n of U pere Fluid, Materia Subtilis 5 
Cattle, ſeen razing from Greenwich, croſs the Water, at one time 


and not at another accounted fbr 260 

Cauſes of Thunder, Lightning, and Meteors 240, 258 
of Winds when moſt regular — 226 
ben irregular | — — 228 
Chain- pump, its Structure and Performance — 71 


ö le of the 17 7 | ne 
2 2 har Tie pe — 8 nr 8 —— 163 
the Fluida depends on that of the Blood. — 

— the_Sap.in Vegetables, how performed 5 
nr ot Air warmed, | thro” Rooms, hom promoted 222 
— of Huwidity, in Vapour, feeds the-Springs — 272—27 
———> of, Vapours experimentally, accounted for — 
Clouds form'd from Vapours 12 — 258272 
Trig there, 2 * by Experiment 2 _ 208 

ation Sicil an m Naples, w —_ 

hy ply 


. 


at the Canſurmarion of Things = 

old co contracts all Bodies, | | nbbarrrerns 0 ==="207 
—— hinders Muſcular Motion —— © 1 ESSESTTS 
— not communicated to Bodies by means of the Air -=206 
Corrgſcations i in the Air, Whenee— — 253 
— Account of Tyde N in Nos. 1 m— 444 
ranc, Syphon ö 205 

| Cr 85 of the Pump — 51 
Spore the 148 — ? E14 OLIN 202 
112411 10 1 $6G13 10 043] ${N eee. 

9 — 


Deſcent of heavy Bodies, known by the Time of filling: ——798 
Diaphragm, its Sicuarton aud Office . © | na : 
Digeſtion conſidered and'ex lained © od — 
Direction of a moving Flu eee * n change 
Diſilling emiced? —— l 


Diving, the Art explamedtl— ij eie 
bell its Structure, Intplements and Uſe , | — 
Divers, their Habit and Defence 1s 


Drioking-Glaſs may be broke by a fitting Sound = —— 494 
8 unne l, is Structure and 1 — 2 


E 


— the periodical Lime of in Cie ound the the * eg 
attragts the Moon, 
is — both by Sun and Mi Neun thid. 
. — val, between the Tropicks —— 226 
ullition 15 rmentatious whence. — de 243 
Effects of the Air deſcribed —— 9 . 1 57139. 170—1 73 
Bad from all kinds of Bodies riſe into the Atmoſphere 240,241 
ſtieity © of the Air proved 194-—202 
is always equal to the Air's Preſſure- — i 


Vlements, the Opinion af the Ancients concerning them.. 5 0 


„ W N N 3 


Eminences, ef Uſe to collect Matter in forming a Cloyd —— 2863 


for ä Fire 518 u 
2 for raifing Vater by Mauldiphing W heel, ite Parts 
Bagines a — — more than a convenient W ay, not any Help 
Kirn n doing the Work propoſed =— * —5 
Expanfion of Air, <p — Open 3%, ye . 
rpebes of Wa ro vertical nitigs a Head . 
— aro horizontal: Openings in a Jet | ez = 
en what, nd how performed ow e gore —— 190 

— ok F | 


2 Ang ; Bode the tafluence of Gravit thereon —L— 89—91 


N pages thro which they. deicend, proportionable 
7 Ly | to the Square of the Times 2 are Elin 


— the Time their Deſcent computed by the Height 
of their all 
—of all Weights a and Shapes i in EL move cyl = 


— — 
Feathers i in vacuo healer 50 than 920 af ra _ 
ee occaſione t ar and reement o 
Ken Acids we, Alkalics A "OE, —— — 
* — alſo aps to the natüra Attraction and 2 
pulſion 33 arts of thoſe Bodies — 242 
ire -En — their Structure, Performance and Uſe — — 63—67 
"iſh, the Uſe of their Air-veſſelsl!!ñ„ñ„ 199 
Flame what, and how generated  —— _ 1 254,255 
—the Cauſe of its Aſcentꝛ⸗ꝛvʒp 111228 
—— the Power of its Spring Ig * ** — 256 
| Henne in the Air, whence 22 —— 453 
Elae Countries are frequently robb'd of F heir Rain, Tf the tn. 
eee adjacent K 274 
xtine Experiment deſcribed ' — 11 
—. Tſaac Nees Deänition of =, — W 
— the Carteſan Notion thereof — = 
—have go internal Motion of their own ns i 


3D a ——C 2 | | — 3 10 


| 
perfect and imperfect what bid. * 
—— —  — their Principles demonſtrated k 11—23 | 
homogereous, having their r equally preſſed con- 
tinmue at Reſt 
i having their Parts unequally pr preſſed produces —_ 
thderein— — 17—19 


preſs according to their perpendicular Heights, the 

upper Parts on the lower, without reſpect to the Quan- 2 

tity N — * e 
| — — [heir 


4 


1 


cr Preſſure upward is equal to that they make dow. 
— CO — 

they therefore, if not prevented, riſe to their own 
level — 20,21 


— their Parts attract each other | — 5 
ere attratcd by Solid Bodies to certain Limits 9,3 1—33 
— the Quantity of their Flux in a Stream confined and in 

— — — 81—82 
have two kinds of Refiſtance, that of Tenacity and 2 
Inactivit — 101 
their Refftance principally owing to the vis inertiæ, or 
Inactivity of Matrer — | 104 
moved by the Air's Preſſure as an Agency to that Pur- 
poſe applied — — 45,46, 49 
—aſcend in Vacuo by the Attraction of Coheſion 46 


err lateral Preſſure is equal to their perpendicular 15,19 


« . 
* 


| — ſind in the Air to certain Limits, without a 


Counter preſſure from above — 75=77 
projected, move in the DireCtion of the Parabola 96—98 
m=———their Direction being changed, cauſes Friction and 


hinders the iſſuing Stream — —88 
their Denſity increaſed, by any Degree of Cold, under 

that of ** — —_ 277 
A in a State of Ice, evaporate —— 5 ibid. 
their Circulation, how carried on — 189 

| the Velocity of their Deſcent, in Proportion to the _ 
Length ot the Pipe thro' which they pa. 88 
—— decanted by Syphons explained 35—38—45 
—— by the Tl. == — — — 75 

Flux of Fluids in Pipes and from a Head —$0—8 


Forcing-pump, its Structure and Performance—— —— 62, 63 
Formation of Clouds from collected Vapours — — 263 
vf V apours into Clouds — 
Fountain at Command its Structure and Performance 77—78 
c -of Hiero playing by the Force of Air, condenſed b 
Water — - - — 413 
½reſembling the Cieſydra of the Antients, its Structure 
and Performance — 110 


— * 


— 


Friction in Water- works, its Diſadvantages —— 278—281 
Fruit contains Air — _ — —204 
LASS Images, ho made to riſe and fink in Water, at 

command — — — 4 
Gold and ponderous Bodies, the propereſt Time to buy and ſell 
them — — — 135 
Gems the ſame | — — — 17 
— 1 


Gravity abſolute or poſitive what —— 


I N'' 2X 


w—etc or comparative, what — ͤ ä —ä Bid. 
—— ——a&ts on Bodies conftantly and uniformly — 90 
its Action on falling Bodies illuftrated — 89—91 
w——— —-Specific of Bodies, how found 117,118.125—1 30 
A pecifick of certain Bodies, aſſign'd by Mr. Ward 133 
Gun- powder, its Compoſition — — 248 
its Flame extremely elaſtick — —1 7.256 


fred in Vacua, makes no Explofion —— 257 


H 
AI L, how produced mm „ 276 
Attends frequently Thunder and Lightning 267,277 
increaſes in its Journey - — ibid. 
Halo, its Appearance accounted for — 258 
Hearing, the Form of the Places propereſt for it 303 


Heart, its Structure, Situation, Action and Uſe —— 181—187 
Heat, not communicated by the Conveyance of the Air — 206 
——(ilates all Bodies 207, 209 
Heights of Reſervoirs, the Quantity of Water they yield 81,85, 110 
Hiero King of Sicily, the Mixture in his Crown diſcoverd by Ar- 


chimedes — — 123 
— his Fountain —— — 201 
Hills, their Uſe to the Earth and Inhabitants - ——272, 274,273 
Hurricanes moſt frequently in hot Climate 238 
by what probable Cauſe produced — 254 
Hydrometer or Water - poiꝛ⁊e ——— — — 11 
Hydroftaticks defined, their Uſe and Importance — — 1 
Hydroſtatical Principles demoſtrated 11—23 
Balance its Uſes explained ————- = 125—130 
Hygrometer the Principles to be conſider d therein —121 
ts Structure and 41 —— —— 213—217. 


1 I | J 
[- takes up more Room than an equal Weight of Water 277 
e 


is lighter than Water before Congelation ibid. 
t d'Eaux conſidered < — — — 11 
A.. . ibeir Performance hindered by Friction and the Re- 
ſiſtance of the Ai: y kü ò — 106— 110 
Jewels, the Seaſons when they are bought and ſold to moſt Ad- 
vantage — — 135 


Ignes fatul, what and whence . 254 
es of hollow Glaſs, how made to fink and riſe in Water 114 


Im 
In ivi — — — 101 
activity ol Matter what— 2 — > Ro 


D X. 


Infant how to judge, whether ſtill· born or not . —192 
Inſertion of a Muſcle what | —— — 175 
Inſpiration or drawing Breath, how performed 189—191 
n and Uuncertainty of Winds, whence | n—229 
. L , 

| And-breeꝛzes, how accounted for = — 22,228, 269 
Lead and other ponderous Metals made to ſwim in Water 19 
Leak in a Ship, how practioally diſcoverable — — 297 
Lifting pump, its Structure and Performance — — 60 


— the natural Cauſe of it 240—258 
has in it a Mixture of nitrous and ſulphureous Vapour 252 
when dangerous — 249 
— are imperfect Fluids — 3 
are decanted, free from Sediment, by the Antigugler 79 
the like by the Crane or Syphon 36 
the Method of finding their 12 Gravity 126—128 


La. their Action in Reſpiration 190 

27 | 

Anometer deſcribed, and its Uſe — 136 

Marine Barometer, its Structure and Uſe 210—213 
aan $ 3 of the Bores of Adjutages and Pipes of Con 

— — — — | 109 

Matter, originally homogeneous — 10 

Meteors, their natural Cauſe — — 240 —258 

Metals adulterated, how to diſcover — 123, 134 

Midritt, its Situation and Office 190 


Moiſture its Circulation, how carried on — 272,273 
its Effects on porous Bodies — 2214 
Money counterfeit, how to be diſcovered —— — 


Moon, her periodical Time of Revolution round the Earth 309 


her Quantity of Matter compar'd to that of the Earth 
 n— jd. 
has a conſiderable Influence on the Winde 3 
on the Infirm and Luna tick 
-e Difference of her Attraction at the Zenith, ne — 
ridlan and Nadir of the Earth — 35 
Motion of Projectiles in the parabolic Curve demonſtrated 
of Winds, generally in Waves e e — 5 
Mountains burnin ence — — — 23427 
Mountainous Plakes never want for Rink ˖x!„ 274 
Muſcle what, and its Parts de ſcribesl.k(py 1 75 
—he Numbet of them 5 — — | ibid. 


1 D x: x 


Muſcular Motion explained =— - — 17181 
ho probably performed — 176,177 
accounted for by Borelli and others 179 


Muſick, See Sounds f 
affects the Paſſions, the Cauſe —— — 294—297 


5 Strings, how performed 286 

N 
Atural A Inſtances given 4⁰ 
Neap-tides what, and when they happen 317 


Raves, — ſole probable Cauſe of Fs Motion —— 179 
Nile, its Source and Innundation deſcribed 


273 
Nitre generates Air in abundance 2 53 
in the Air one probable Cauſe of Hail, Snow and 
e Froſt — — 27 76,27 77 
Notes in Muſick, ſee Chords | 
Nutrition the Nature of it deſcribed ——— — 187 
O * 


\ Bjedtions to the Air's Preſſure anſwered ——— 155,156 
to a Vacuum, anſwered ——_ ——?? ——$— 
Obſtructions i in Water-works whence = 87.107110 
Octave in Muſick, what 2090 
Oil, condenſed in Proportion to the Degree of Cold 'tis under 


3 per 255 
Opinions ſome concerning the Riſe of Springs rejected 27 ; 
Organs of Hearing, at proper Diſtances, equally affected by the 


ſame Sound — wnnnnrs——& nn — 
Origin of a Muſcle what — — ___ 7 
P 
* 

Abels, all the Varieties, how — — loo 
Paradox hydroſtatic propoſed and ſolved — 24—31 
 ———o 5th explained — 164 
Paſſions affected by Muſic — 294-297 
Pendent Barometer its Structure and Ulle — ᷑T⁊— 153 
Perfect Chords in Muſick which —ͤ— 292 


Phznomena of Freezing accounted for —— 2.7 8--2 $1 

of other Subjects, generally directed to in the Table of 

Contents, before the Wor 

Phoſphorus an Experiment thereon — 241 

Pipes of Conduct their * — — — 1 
2 2 — cle 


tin tint — — — 
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their Size vi FG 77 a 85 


— ———-Mariotte's Proportion of themnmnka : —— 109 
Piſtons of Pumps how leathered — — 59 
Piſtols riffled- barrel d do moſt Execution © ——— — 259 
Places beſt adapted to Harig — | — 303305 
Plants, the Cauie of the Aſcent of Sap therein —— 204---206 
Pncumaricks defined — 
Pond near Graveſend, ebbing and flowing accounted for 
Portable Barometer, its Structure and Uſe 
Preſſure of Air, ſee Air 
Preſſure of Fluids, whether upward, downward or laicrally, are 

according to their ſeveral Heights — 16 
Principles hydroſtatical, fee Hydroſtatic Principles 
Projectiles, their Motion ſhewn to be performed in the Para- 


40 


bola — 96 — 100 
Projection, the greateſt that can be made on things caſt or 
thrown . 100 
Properties of Air, ſee Air 
— of Fluids, ſee Fluids : 
Powder, not ali burnt in ordinary Fowling «= 356 
Pump-work, the Diſpoſition thereof + —— 5 


Pump, bow to leather its Piſtous for Uſe — . 
the Cauſe of the Aſcent of Water therein aſcertained 


_ — — — Ho 
| forcing, its Structure and Manner ot Action 62 
—_{, its Parts and Performance explained 60 
—iſuckinę, its Structure and Ul — - 52—55 


1 


R IN proceeds from exhal'd Vapours colle&ed and con- 


denſed | 258---272 
=——lts Advantages over other Water in Vegctation————252 
Reflexion, the Angle equal to that of Incidence — 266 
Re pellency of Steam — . — 68,264 


Repulſion and Attraction one probable Cauſe of Fermentation 242 


"Reſervoirs natural may be found in the Earth, particularly in 


3 Hills — 44,275 
Reſiſtance of Fluids proceeds rather from the Inactivity, or 
vis Inertia of Matter, than its Tenacityä—— 104 
12 how performed — — I 193 
Rocket, the Cauſe of its Riſe in the Air accounted for 16 
Rooins, the Circulation of warm Air promoted thro them — 
| —_ %. "T1 ite wag t 


\ * 


2 


— 


—_— — . 
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8 
Aint —_— abundant in Vapours « — — 2860 
8 s the ſame — — 272 
3 the Manner of it deſcribed — 87 
Sap, its Riſe in Pants accounted for — 204-- 206 
Salt-petre generates Air in plenty — 253 
Salts volatile of the alkaline kind — — 243 
Sea-breetes, how to be accounted for 269,22 7228 
Ship its Leak, when ſmall, how diſcovered ——=—— 297 
Smoke the Cauſe of its, Aſcent in air! | 112 
k, how driven about — — 221 
ts Structure and Performance — — ibid. 
Snow w/ hat — — 280 
————the Cauſe of its Whitencſs- — - - 287 


Sound in general « conſidered 
its Motion e——— — — 282 284 


moves not Flame — ibid. 

| the Cauſe thereof — 283 
its Manner of Propagation——- ibid. 
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„ Efdes a few other literal Miſtakes, the Reader Is aebredd to 


mend the following, with his Pen 
For Cylender, akvays read Cylinder. 


For compreſſable, always compreſſible. 


Irrer 


49 I. 9. r. Water. 
9. 
d +, 
o. 
2. 8. r 
3.129 ; 
105. 16. r. Cupola. 
$121. I. 21. for Fluids r. Bodies. 
P- 122. J 19. r. Water, tare it, of which 
P. 132. J 12 dele in. 
134. 20 fer (3) r. (3 
138. J. 16. r. Nch os 
138. J. 25. r. Elaſti — 
141. J. 10. r. Atty — 
150. J. 4. r. Suppoſe, the 
16 1. J. 10. r. nearly cloſed. 
169. J. 4. r. whither. 


rer 


Pp. 175. J. 6. r. are removed. 
P. 179. J. 12. r. Amazement and Diſmay. 
. P- 179 I. 13. 1 de le, the. 
P. 182. J. 24. r. by kern. 
P. 190. J. ) r. Diaphragm. 
P. 197. 1. 20. dele, that. 
p. 200 J. 7. dels, after ſudden. 
P. 300. J. 8. r. Readmiſſon of the 
P. 202 J. 28. r. ſame Cauſe, viz. 
P. 205. J. 3 r. of the Sun 
p. 218. J 19. r. in Boiling only, Water. 
p. 222. I. 25. dele, it. 
7. 228 J 9. r. Exhalations drawn therefrom. 
. 232.1 31. r. fermenting oily Matter. 
«253 J 31. r. Lightning. 


. 268. J. 12. r. 247. 

269. J. 3. r. 228. 

. 270. J. 26 r. Gibraltar. 

. 271. J. 6. dele, to. 

. 281. J 21. r. diaphanous. 
315. . 20. r. on the whole. 
315. J. 31. r. Greatneſs. 
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Page 38, after Line 6, add. 

Tuk Way of making -this Experiment with 
Succeſs, will be to ſtop the End of the Tube at F, 
before the two Liquors come up to the Band, left 
the Oil, being the lighter Fluid ſhould riſe faſter 
in DE, than the Water in EC, and by gravita- 
ting thereon may take Poſt in the Bend, and ab- 
ſolutely prevent the riſing of the Water thither, 
But by the Way propoſed, on removing the Fin- 
ger at once, the compreſſed Air will get away, and 
the two Liquors then meeting with equal Force, 
the more ponderous will fink in the other, and 
and produce the Effect deſired, „„ 


